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A  total  of  56  specimens  trere  received,  primarily  material  from 
abortions  In  the  first  trimester  of  pregnancy,  for  virus  Isolation 
and  chromosome  studies.  No  significant  virus  agents  mere  Isolated. 
Fifty-four  of  the  specimens  ««ere  processed  for  establishing  cell 
cultures;  21  failed  to  grow,  23  regressed  before  they  could  be 
successfully  karyotyped,  and  10  teere  karyotyped,  TWo  (2)  abnormal 
karyogrmns  ware  found:  A  trisomv  •:  f  group  "E:"  (Group  16  to  |8)  and 
a  subtrlploid  (modal  count  of  66K 

Peripheral  plasma  cultures  were  perfo:^d  on  30  indivIdvMlS  with 
karyograms  obtained  In  25  cases.  Abnormal  findings  were  obtained  In 
7  cases  (Down's  syndrore:  5;  Turner's  syndrome:  1,  translocation:  I). 


This  study  has  enabled  the  perfecting  of  techniques  to  offer 
chromosome  studies  as  a  diagnostic  aid  to  the  Armed  Forces  medical 
facilities  of  the  Sixth  US  Army. 
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800V  OF  RCF08T 


Project  No.  3A012501A30(j«OI 


Title:  Preventive  Hedicine, 
Conmunlceble  D I  teases 


Task  No. 


Title:  Chromosome  Analysis  and 

Virus  Isolation  Studies  of 
Human  Embryos  and  Fetuses 


Description: 

Approximetely  ten  percent  of  all  human  pregnancies  fail  to 
produce  a  viable  term  infant.  These  studies  were  undertaken  In 
an  effort  to  evaluate  the  role  of  chromosomal  abnormalities  and 
viral  infections  In  this  wastage  (Kibrick:  Perspectives  ‘n 
Virology,  Vol.  II,  Edited  by  Norris  Pollard,  Burgess  Pub.  Co, 
Hpis,  page  IbO). 


MATENIALS  ANP  NETNOOS 
Collection  of  spaciiaans; 

Liaison  sms  established  with  the  Obstetrical  and  Gynacological 
Services  of  Lettenean  General  Hospital  and  the  Pathology  Service 
of  Narin  General  Hospital  for  the  rapid  collection  of  abortuses. 
Each  installation  was  supplied  with  sterile  Mason  Jars  containing 
Puck's  Saline  "A"  plus  1,000  uni  s  of  penicillin  and  1,000  meg  of 
streptoieycln  per  ml.  A  questionnaire  form  to  be  filled  out  on 
each  case  was  to  be  submitted  with  each  case  (see  enclosure  #1 
for  questionnaire  for  formula  for  Puck's  Saline  "A").  This 
installation  received  telephonic  notification  of  each  specimen  and 
immediately  dispatched  a  messenger  to  obtain  the  specimens. 

Abortuses  obtained  after  2200  hours  were  placed  in  the 
refrigerator  and  collected  the  following  day. 

9f 

All  specimens  were  processes  in  the  Pathology  Division.  Care> 
ful  search  was  made  for  embryonic  tissue  which  was  segregated  and 
placed  in  Medium  L^IS  (Leibovitz,  A.  Amer.  J.  Hyg.  2^:  I73r  1963) 
for  tissue  growth  studies  and  chromosome  analysis.  When  sufficient 
material  was  available,  portions  of  embryonic  tissue  were  also 
segregated  In  a  separate  vial  for  virus  isolation  studies.  When 
Insufficient  known  embryonic  tissue  was  discernible,  available 
tissues  were  utilized  for  virus  isolation  studies.  Materials  for 
tissue  cell  growth  and  virus  studies  were  submitted  to  the  Virology 
Section  for  processing. 
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Techniqutt  for  tli»u<  dJiPTtlon  for  tUni«  ctH  growth: 


«.  Hon-«nzvmttlc.  nwthod:  Wh«n  only  smtll  fragments  of 
embryonic  tissues  viere  available,  attempts  «»era  made  to  obtain 
growth  by  mechanical  dispersion  alone.  Tissues  were  finely  minced 
with  Bard'Parker  #11  knives  until  the  fragments  were  I  cubic  mllll* 
meter  or  less  in  size,  suspended  In  medium  plus  20  percent  fetal 
calf  serum  and  dispensed  In  sterile  2  ounce  prescription  bottles. 
These  bottles  were  left  undisturbed  foi  at  least  5  days  and  then 
carefully  observed  for  starting  cell  growth.  If  none  was  observed, 
the  bottles  were  replaced  In  the  incubatoi  and  observed  again  at 
'i  day  Intervals.  When  growth  commenced,  the  supernatant  fluid  and 
remaining  debris  were  removed  and  the  cells  fed  )  times  weekly 
with  medium  L~I5  plus  20  percent  fetal  calf  serum.  When  cells 
grew  rapidly,  the  full  bottles  ««ere  harvested  In  a  0.05  percent 
typsin-pancreat in*vertene  solutlo.  (see  below)  and  Inoculated 
Into  8  or  l6  ounce  prescription  bottles.  On  adequate  growth 
In  these  bottles,  the  harvest  was  split  In  a  2  for  I  distribution, 
one  bottle  for  chromosome  analysis  and  one  bottle  to  preserve  the 
cell  strain  for  other  studies:  I.e.,  latent  virus  agents  and 
probable  use  as  s  diploid  strain  In  the  virus  diagnostic  section. 

b.  Enzymatic  dispersion  method:  Material  minced  as 
above  with  Bard-Parkar  #11  knives  as  abova  and  then  transferred 
to  a  sterile,  screw-cap,  50  ml  centrifuge  tube  contalnirc  10  ml 
of  a  0.25  percent  trypsin-pancreatin  solution  (see  below).  The 
enzyme-tissue  suspension  was  placed,  at  room  temperature,  on  a  I 80 
revolutions  per  minute  shaker  for  10  minutes.  Placing  of  the  tube 
In  a  stationary  rack  for  several  minutes  permitted  the  heavy 
particles  to  settle  leaving  a  hazy  supernatant  fluid.  This  super- 
nate  was  aspirated  for  further  processing  and  fresh  enzyme  solution 
was  placed  on  the  remaining  tissue  for  further  shaking  at  10  minute 
intervals.  The  hazy  supernatant  fluid  was  placed  In  a  15  ml  sterile, 
screw  capped  test  tube,  centrifuged  at  1,000  rpm  for  5  minutes  In  a 
horizontal  centrifuge  yielding  a  clear  supernatant  which  was  dis¬ 
carded  and  a  packed  cell  suspension  which  was  resuspended  In  10  ml 
of  outgrowth  media  (Medleum  L-IS.  20  percent  fetal  calf  serum)  and 
dispensed  In  a  2  ounce  screw  cap  prescription  bottle.  Each  10 
minute  yield  was  so  treated  until  the  enzyme  action  failed  to  yield 
a  hazy  supernatant  fluid.  Growth  of  clusters  of  cells  was  usually 
evident  within  3  days  In  one  or  more  of  the  bottles.  Once  growth 
was  evident,  the  supernatant  fluid  and  remaining  debris  were  removed 
and  fresh  out-growth  media  was  inoculated.  The  media  was  then 
routinely  changed  every  3  to  4  days  until  the  cel  I -sheet  completely 
covered  the  side  of  the  bottle.  The  sheet  was  harvested  with  a 
pancreatln-trypsln-versene  solution  (see  below)  and  Inoculated  into 
a  1$  ounce  bottle.  Upon  filling  this  size  bottle,  the  cells  ivere 
harvested  and  carried  forward  on  a  2  for  I  split,  one  bottle  being 
used  for  chromosome  ftudie«  and  the  other  to  preserve  the  strain  for 
observation  of  possible  latent  virus  activity  and  for  use  as  a 
"diploid  cell  strain"  for  rnutine  virus  isolation  studies  In  the 


taction  of  tha  divltlon. 


(I)  Enzvma  lolutlont  for  cell  harvcttinq. 

(a)  Pancreatin-Tryptin  for  original  tissuat: 

An  0.25  parcant  pancreat In-trypsin  solution  was  found  to  yield 
gulte  consistent  outgrowth  of  cells  from  tha  usually  small  places 
of  tissua  obtained  for  this  study.  Tha  formula  per  liter  Is  as 
fol lows: 


Trypsin  (OlfcOf  1 : 25O) 2.50  gm 
Pancreat in  (Nutritional 
Biochemical)*—-”——————  2.50  " 

Nad -  3.00  " 

KCI . . . —  0.40  '• 

Na2HP04  (anhydrous)— 1-40  " 

Phenol  Red  (0.4%  solution)————  2.50  ml 

Oiftilled  water,  qs  to— 1000.00  ml 


Mix  on  magnestlr  for  30  minutes.  Prefllter 
through  Gooch  crucible  using  fine  filter 
paper  under  vacuum  pressure.  Milllpore 
filter  sterilize.  Distribute  desired 
aliquots.  Final  pH  should  be  about 
Store  In  deep  freeze  (at  least  -20*C). 

(b)  Pancreat in*trypsln-versene  solution  was  used 
for  harvesting  of  monolayer  of  cells  from  bottles:  This  enzyme 
solution  has  a  pH  of  about  7*6.  The  growth  media  is  removed  from 
the  cell  culture  and  replaced  by  about  5  ml  of  the  enzyme  solution 
(suitable  for  any  size  bottle  up  to  IS  ounces)  which  Is  hand  rolled 
over  the  cell  growth  for  20  revolutions.  This  material  is  then 
poured  off  and  the  step  is  repeated  with  5  ml  of  fresh  enzyme  solu¬ 
tion.  This  time  all  but  about  ml  of  solution  is  poured  off  and 
the  bottle  is  placed  In  the  35*C  incubator.  The  cells  usually  start 
to  slough  off  within  5  minutes.  Ten  ml  of  outgrowth  media  is  added 
to  the  bottle,  the  cells  suspended  with  a  pipette  and  dispersed  In 
fresh  bottles  or  tubes  as  desired.  The  formula  per  liter  Is  as 
fol lows: 


Trypsin  (Olfco,  1:250)—--————  0.50  gm 

Pancreat in  (Nutritional 
Biochemical)——————  0.50  " 

Versene  (Nutritional  DIochemIcal )—  0.50  " 

Nad- - 8.00  " 

KCI - — -  0.40  " 

Na2HP0^  (anhydrous)----—-- — -------  0,14  " 

Phenol  Red  (0.4%  solution)————  2.50  ml 

Distilled  Water-— -qs-------------  1000.00  ml 


Prepare  as  enzyme  solution  above.  Note  that  only  l/lOth  the  dlsodlum 
hydrogen  phosphate  is  needed  to  obtain  a  pH  of  7*8  as  the  versene  is 
highly  alkaline. 


CHROMOSOME  STVOIES  ON  TISSUE  CEIL  CULTURES 


Must  be  actively  growing  cells  In  optimal  condition.  Full 
bottle  Is  harvested  and  Inoculated  on  a  2  to  I  split.  In  the  late 
afternoon  of  the  2d  post*lnoculat Ion  day,  add  0.1  ml  of  stock 
solution  of  So  ug/ml  colchemid  per  10  ml  of  medium  (yields  final 
concentration  of  O.S  ug/ml)  per  bottle.  Replace  In  Incubator 
overnight . 

Procedure  for  Harvesting  Cells  for  Chromosome  Studies: 

1.  Remove  supernatant  fluid  to  SO  ml  centrifuge  tube. 

2.  To  bottle,  add  5  ml  of  0.05%  pancreat In-trypsI n-versene 
solution.  Rotate  by  hand  20  times  to  assure  complete  contact  with 
all  cells.  Place  In  37*C  Incubator  for  5  minutes.  Harvest  cells 
and  add  to  cell  suspension  In  the  50  ml  centrifuge  tube.  Centrifuge 
at  1,000  rpm  for  5  minutes.  Discard  supernatant. 

3.  Add  5  ml  Somer's  sucrose  solution  (3.^2%  sucrose,  .008%  CaCl2. 
0,002%  NaCl)  or  0.2%  buffered  saline  solution  prewarmed  to  37*C  (see 
peripheral  blood  SOP).  Carefully  suspend  cells  with  pipette.  Place  on 
mechanical  shaker  for  30  minutes  (about  150-180  revolutions  per  minute), 

4.  Add  ')  ml  modified  Carnoy's  solution  (3  parts  methy^l  alcohol 
plus  I  part  glacial  acetic  acid—— this  Is  to  be  made  fresh  on  the 
day  of  use)  and  carefully  mix.  Allow  to  stand  at  room  temperature 
for  at  least  10  minutes.  Centrifuge  at  1,000  rpm  for  5  minutes 

and  discard  supernatant. 

5.  Add  5  ml  fresh  Carnoy's  solution  and  carefully  resuspend 
cells.  Allow  to  stand  at  least  10  minutes.  Centrifuge  at  1,000 
rpm/5  minutes.  Carefully  pour  off  all  but  i  ml  of  the  supernatant. 
Resuspend  cells. 

S.  Place  chemically  clean  slides  on  flat  sheet  of  dry  Ice, 

While  slide  Is  becoming  lightly  frosted,  pic^  up  about  2  Inches  of 
cell  suspension  In  a  capillary  pipette.  Take  slide  off  Ice  and 
allow  It  to  start  to  thaw.  When  thawing  starts  on  the  bottom  and 
top  of  frosted  area,  drop  cell  suspension  on;  the  fluid  should  spread 
rapidly  on  the  slide.  Immediately  flame  which  should  start  the 
methyl  alcohol  to  burn.  The  fluid  on  the  slide  will  contract  into 
small  balls.  Shake  vigorously  and  the  slide  will  appear  completely 
dry. 


7.  Stain  In  1:2!  Giemsa  stain. 
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PERIPHERAL  WHITE  BLOOD  CELL  CUtTURPS  FOR  CHROMOSOMES 
PrincipU; 

Technique  based  on  knowledge  that  t^ite  blood  calls  will 
actively  proliferate  in  Medium  IS  In  the  presence  of  phytohetnagglut Inin 
P."  The  most  active  mitosis  takas  place  from  §3  to  2$  hours  after 
Inoculation  and  rapidly  falls  off  after  8S  hours.  Therefore  work 
must  be  planned  to  take  advantage  of  this  narrow  range  of  optimal 
mitosis.  Colchicine,  final  concentration  of  5  X  10*^4,  Is  placed  on 
the  culture  on  about  the  S9th  hour  after  Inoculation  and  allowed  to 
stay  on  for  only  5  hours  to  arrest  the  cells  In  metaphase  and  then 
the  cells  are  harvested. 

Reagents: 

Heparin;  Usually  obtained  as  the  sodium  salt  containing  110,000 
units  per  gram.  Dissolve  one  gram  in  110  ml  of  medium  15  (without 
glutamine  or  serum)  to  yield  1,000  units/ml.  Distribute  In  I  ml 
amounts  In  23  ml  vials,  properly  label,  and  store  In  refrigerator. 
Standard  Item,  FSM»S505“I53“97l*0,  containing  1,000  u/ml ,  is  also 
useable. 

Phytohemagglutinin  *'P"  (Olfco):  Received  as  lyophillzed  powder 
that  Is  reconstituted  In  5  ml  of  phosphate  buffered  saline  (Olfco's 
Hemagglutination  buffer).  Each  lot  of  this  chemical  must  be  stan¬ 
dardized  as  Its  potency  will  have  a  profound  effect  on  the  mitosis 
of  the  cell.  Titrations  are  usually  carried  out  from  0.02  to  0.05  ml 
per  10  ml  of  blood  (Increments  of  0.005  ml);  most  batches  are  optimal 
at  about  0.025  ml/10  ml  blood. 

Medium  L-IS.  complete  with  glutamine  and  20%  fetal  calf  serum. 
Distribute  10  ml  in  2  oz  prescription  bottle. 

Slemsa  stain  (Coleman  and  Bell  Giemsa  for  Blood  Stain).  Add 
0.75  gram  to  50  ml  glycerine,  C.P,  Place  In  SO  degree  water  bath  and 
mix  frequently  for  a  24-hour  period.  Add  50  ml  methyl  alcohol.  Mix 
well.  Allow  to  age  for  several  days.  Filter.  Use  1  part  of  stock 
stain  to  20  parts  of  distilled  water  and  stain  slides  for  30  minutes. 

0.2%  Buffered  Saline:  Nad:  2.0  cm,  KCI:  0.4  gm,  N82HPO4: 

.14  gm,  H2O:  1,000  ml.  Autoclave  121  C/15  minutes  to  sterilize. 

Carnov's  Solution:  Prepare  fresh  and  store  In  refrigerator. 
Prepared  by  adding  1  part  of  glacial  acetic  ad  <  to  3  parts  of 
C.P,  Methyl  Alcohol. 

Procedure: 


Use  10  ml  syringe  with  20-gauge  needle.  Draw  up  heparin  solution 
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from  the  23  mt  vlat  and  wet  inner  barrel  of  syringe  and  then  expel 
heparin  back  into  the  23  ml  vial.  Carefully  drew  10  ml  of  peripheral 
blood,  remove  needle,  and  inject  the  blood  into  the  heparin  contain* 
ing  vial.  Hix  well  and  then  place  vial  on  sheltered  area  on  table 
top  and  allow  the  red  cells  to  settle.  In  1*3  hours  sufficient  plasma 
ts  available  for  the  cultures.  Sed I mentation  can  be  accentuated  by 
placing  In  37“^  Incubator. 

a.  Draw  off  plasma  carefully  with  a  DISPOSABLE  CAPILLARY 
PIPETTE  (a  capillary  pipette  allows  withdrawal  of  plasma  without 
picking  up  any  red  ceils)  using  a  rubber  bulb  for  suction.  However, 
slight  cent  air.  I  net  I  on  with  red  cells  will  not  affect  results. 

b.  Immediately  inoculate,  in  duplicate,  0.75  to  1.50  ml 
of  plasma  into  Medium  L-I5  bottles. 

c.  Incubate  at  35*37"C  for  S9“72  hours.  Evidence  of  growth 
is  noted  by  granular*! ike  materiel  floating  in  media.  Shake  at 
intervals  to  help  break  up  these  clumps. 

d.  Harvest  cells  by  transferring  culture  to  a  IS  ml 
centrifuge  tube.  Spin  at  300  rpm/10  minutes.  Discard  supernatant. 

e.  Add  5  mi  medium  L*i5  to  the  culture  bottle.  Gantly 
swirl  to  remove  any  cells  adherent  to  the  bottle.  Decant  Into  the 
centrifuge  tube  containing  the  sedimented  ceils.  Gently  suspend  the 
cells  by  tapping  on  the  side  of  the  tube.  Recentrifuge  at  300  rpm/ 

5  min. 


f.  Remove  all  but  O.S  ml  of  the  supernatant.  Resuspend 
cells  again  by  tapping  the  bottom  end  of  the  tube  while  holding  the 
top  with  thumb  and  forefingers  of  other  hand. 

g.  Add  prewarmed  to  37*C  0.2%  NaCI  BSS  solution  (4^  cc). 
Gently  resuspend  the  ceils,  and  place  on  shaker  (l80  revolutions/ 
minuto)  for  20  minutes. 

h.  Add  5  ml  of  chilled  Carnoy's  solution.  Allow  to  stand 
for  10  minutes. 

I.  Centrifuge  at  1000  rpm/5  minutes.  Aspirate  the  super* 
natant.  Add  S.O  ml  of  fresh  fixative.  Resuspend  cells.  Let  stand 
10  minutes.  Centrifuge  at  1,000  rpm/5  minutes. 

j.  Remove  all  but  0.5  ml  of  supernatant,  resuspend  cells 
gently  with  capillary  pipette.  If  cells  are  in  smooth  suspension, 
they  are  ready  for  slide  making.  If  clumps  are  still  prominent, 
repeat  adding  of  5  mi  of  fixative,  5  minutes  in  refrigerator  and 
recentrifuging.  If  clumps  persist,  allow  cells  to  stand  for  10  minutes 
end  carefully  remove  supernatant  for  slides.  Amount  of  fixative  to  be 
used  In  final  preparation  before  siide  making  depends  on  concentration 
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of  cellfshoutd  be  dlluled  to  yield  •  hazy  suspension  (usually  O.k 
to  0.?-  ml). 


k.  SI  Ides;  Method  of  Fox  and  Zeiss:  Precleaned  slides 
placed  on  block  of  dry  Ice  (flat  piece)  until  frosted.  R«nove 
from  dry  ice  and  allow  to  start  to  thaw.  As  thawing  is  evident 
around  edges  of  slide  (including  bottom),  hold  slide  at  about  45 
degree  angle  and  several  drops  of  the  cell  suspension  are  placed  there¬ 
on  (these  should  spread  rapidly).  Cently  flame  and  the  excess 

methyl  alcohol  will  burn  off  and  the  liquid  will  suddenly  retract 
into  a  ball.  Rapidly  shake  in  the  air  and  the  slide  will  become  dry. 
Allow  to  dry  for  several  minutes  additional  before  staining. 

l.  Stain  in  1:21  Giemsa  for  at  least  10  minutes.  Rinse  in 
distilled  water.  Air  Dry.  Examine  under  low  power.  If  slides  are 
satisfactory,  mount  In  Harlesco  or  Permount, 

m.  Satisfactory  spreads  are  microphotographed.  At  least 
IG  photos  per  patient  for  modal  count  and  karyotyping. 

Technique  of  virus  isolation  studies; 

Tissues  «vere  ground  with  a  mortar  and  pestle  and  prepared  as 
a  10  percent  suspension  with  10  percent  skim  milk.  This  suspension 
was  centrifuged  at  4,500  rpm  in  a  refrigerated  centrifuge  (inter¬ 
national,  PR-1)  and  the  supernate  used  for  virus  isolation  studies. 

The  supernate  was  further  diluted  I  in  4  in  Medium  15,  2  percent 
fetal  calf  serum  containing  100  u  penicillin,  100  meg  streptomycin, 
and  3  meg  fungazone  per  ml.  Sufficient  material  was  prepared  to 
inoculate  2  ml  per  tube  of  pairs  of  different  cell  cultures  in  use 
at  the  time.  Usually  5  different  cell  strains  or  lines  were  tested 
with  each  specimen  which  Included  human  malignant  lines  (HEp-ll  and/ 
or  Kela),  human  diploid  cell  strains  (lung,  kidney)  and  one  primate 
line  (rhesus  or  african  green  monkey  kidney).  At  times  during  this 
study,  other  animal  strains  were  tested  as  rabbit  kidney  and  embryonic 
rhesus  lung. 

At  the  start  of  this  study,  the  medium  was  changed  on  each  cell 
culture  3  times  per  week  and  each  culture  was  followed  from  15  to 
?.0  days  before  it  was  blind-passed.  Blind  passage  was  only  performed 
when  the  cells  started  to  degenerate.  At  leest  one  blind  passage  was 
performed  with  each  cell  culture.  As  progress  was  made  in  development 
of  a  maintenance  medium  that  permitted  long  term  growth  of  the  cells 
without  feeding  (see  research  report  “Culture  media  for  the  growth 
and  maintenance  of  tissue  cells"  in  this  volume),  malignant  lines 
could  be  followed  without  feeding  froni  7  to  12  days  and  diploid 
lines  from  21  to  30  days  (or  longer)  before  blind  passage  was  necessary. 

Primary  outgrowths  of  the  various  tissues  under  study  were 
passaged  as  many  times  as  possible  before  they  regressed  and  they 
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were  observed  for  possible  outcropping  of  ietent  agents.  When  cell 
cultures  regressed,  they  were  harvested  and  inoculated  into  the 
routine  cell  cultures  for  possible  virus  isoietion. 

S£SULIi 

Outgrowth  of  tissues  for  c  rowosome  detennt net  ions: 

Relationship  of  tine  of  enzyme  treatment  to  age  of  embryo  on 
outgrowth  of  tissue  cells.  It  was  observed  early  In  this  study 
that  there  was  a  direct  relationship  beti^een  the  age  of  the  embryo 
and  the  length  o^  time  for  enzymatic  treatment  to  obtain  growth  of 
cells.  Invariably,  embryos  obtained  in  the  first  trimester  of 
pregnancy  showed  outgrowth  of  cells  In  the  10,  20  and  sometimes  the 
30  minute  pencreatin-t.rypsin  harvests  and  rarely  thereafter,  whereas 
the  tissues  obtained  from  stillbirths  rarely  showed  growth  until  at 
least  the  30  minute  harvest  and  usually  the  best  yields  were  obtained 
in  SO  minute  to  the  120  minute  harvests.  The  fragments  that  were  not 
enzymatically  tieated,  but  only  mechantcally  dispersed,  yielded  out' 
growths  haphazardly,  and  this  may  be  related  to  whether  fetal  or  probab¬ 
ly  maternal  tissue  %ms  being  dispersed. 

Relationship  of  conditipn  of  embrvo  to  cell  outgrowth.  In  many 
i nstances  the  embryos  obtained  In  the  first  trimester  of  pregnancy 
were  either  blighted  or  in  a  state  of  decay.  Although  Initial  out¬ 
growth  was  obtained  in  7  of  3  "blighted"  embryos,  all  of  these 
regressed  before  they  could  be  successfully  karyotyped.  Only  I  of 
t.he  j  "macerated"  embryos  showed  initial  outgrowth  and  was  success- 
fuily  karyogratnned  as  norma’.  Initial  outgrowth  was  obtained  in  S  of 
9  emeryos  that  appeared  grossly  normal,  but  only  2  »#ere  successfully 
karyot/ped  and  both  had  an  apparent  normal  karyogram.  See  table  I. 

No  fetus  could  be  detected  in  24  specinens  obtained  In  the  first 
trimester  of  pregr>ancy.  In  15  cases,  fetal  membranes  were  discernible 
and  processed  with  9  showing  successful  Initial  outgrowths;  5  of  these 
regressed  before  being  karyotyped  end  4  were  successfully  completed. 

Of  these  3  were  apparently  normal,  but  one  piece  of  amnion  yielded  a 
"stable"  cell  strain  with  a  subtrlploid  chromosoatal  count  of  $6.  This 
culture  was  passed  SO  times  before  it  was  frozen  down  and  it  retained 
the  same  pattern.  Grossly  the  cel?  appeared  as  a  normal  amnion  cell, 
or  interest,  th*  mother  was  again  pregnant  when  she  was  loceted  at  a 
different  statlO'>  and  this  time  she  yielded  a  full  term  Infant  that 
died  almost  Immediately  after  birth.  Specimens  for  chromosome  studies 
have  just  been  received  and  are  under  study.  See  table  I. 

No  definite  fetai  tissue  could  be  discerned  In  9  cases  and 
probable  decidua  was  cultured  with  S  yielding  a  successful  Initial 
outgrowth  but  all  regressing  before  they  could  be  karyogrammed. 

See  tab  I e  I . 


Lung  and  kidney  tissue  %Mre  obtained  from  S  stillbirths;  4  of 
these  showed  i nit  lei  outgrowth  end  3  were  successfully  keryotyped. 

Two  were  epperently  normel  but  the  third  yielded  •  model  count  of  47 
chromosomes  percent  of  the  ceiis)  due  to  •  triiomy  in  group 
(16  to  18  In  the  Denver  system  ciessi fleet lonK  Sec  teble  I. 

Most  of  the  cultures  thet  regressed  showed  initiel  outgrowths 
of  smell  whorls  of  epi thel ie! *1  ike  cells  thet  eppeered  to  progress 
to  smell  colonies  of  ebout  20  cells  end  then  to  ceese  growing  end 
to  degenerete.  When  f ibroblest*’!  ike  cells  »«ere  obtelned,  growth 
usueliy  continued  until  the  bottle  wes  filled,  but  on  subculture  a 
grenuler-type  coll  wes  rvoted  thet  felled  to  grow  normel  1y.  All 
ettempts  to  obtein  ceils  In  mitosis  failed  using  short  term 
colchicine  treated  cells  (S  hours)  to  long  term  colcemid  treated 
cells  (18  to  24  hours). 

All  cultures  that  were  successfully  karyotyped  were  fibroblest- 
like  cells  with  the  exception  of  the  emnion-like  cell  thet  yielded 
the  subtriolold  chromosomal  count  noted  above. 

When  the  'Vtord'^  got  out  that  this  station  wes  doing  research 
in  chromosome  studies,  physicians  began  requesting  aid  in  the  study 
of  viable  patients  with  probable  congenital  defects.  To  date  30 
such  studies  have  been  made  using  the  peripheral  blood  plasma 
technique  (see  methods)  on  17  patients  with  probable  congenital 
defects  (infants  to  teenagers),  3  with  leukemia,  and  10  parents  for 
possible  parental  transmission  of  abnormal  chromosomal  factors. 

See  table  2, 

Mitosis  with  si  ccessful  karyograms  was  obtained  in  2$  of  the 
above  cases;  7  of  the  patients  with  probable  congenital  defects 
yielded  an  abnormal  karyogram;  Turner's  syndrome:  I;  Down's 
Syndrome:  5:  a  teenager  with  multiple  defects  and  some  mental 
retardation  showed  a  translocation  in  Group  *’D"  in  about  5  percent 
of  his  ceiis  (see  figure  #1).  One  of  the  infants  with  Down's 
Syndrome  had  a  pseudo-normal  count  of  4S  chromosomes  but  on 
karyogram  demonstrated  that  the  extra  group  21  chromosome  had 
translocated  to  the  group  15  chromosome  (see  figure  ^2). 

It  Is  of  Interest  that  4  of  the  5  mothers  having  infants  with 
Down's  syndrome  are  in  their  early  twenties  and  this  is  their  first 
or  second  child.  The  fathers  are  also  in  their  twenties.  The  fifth 
mother  is  in  her  iate  thirties  and  had  had  two  previous  miscarriages; 
this  is  her  first  viable  child. 

Viral  Studies: 

Although  several  virus  agents  were  Isolated  from  tissues 
obtained  from  abortions  in  the  first  trimester  of  pregnancy,  no 
significant  way  could  be  determined  to  establish  that  they  were  the 
actual  etiological  agent  of  the  abortion.  Difficulty  was  had  in 
obtaining  acute  and  convalescent  sera  on  the  mothers  although 


numerous  requests  were  made  for  seme.  Coxseckie  group  B,  type  1, 
was  isolated  in  2  Instances;  Poliovirus  type  I  in  4  Instances  (however, 
$ebln  vaccine  was  being  administered  at  this  time  and  there  is  no 
way  of  ruling  out  fecal  contamination  of  the  specimens  obtained), 
and  Herpes  simoiex  was  obtained  in  I  instance,  it  is  of  interest 
that  only  In  I  of  these  cases  was  initial  outgrowth  of  cell  cultures 
successful  (a  poliovirus  was  isolated  from  the  tissue  fragments 
remaining  for  virus  isolation  studies)  and  there  was  no  evidence 
of  poliovirus  being  present  In  the  cell  outgrowth.  The  karyogram 
was  normal . 

Cell  cultures  that  regressed  did  not  show  evidence  of  cytO' 
pathogenic  changes  usually  associated  with  virus  infection.  No 
known  virus  agent  could  be  demonstrated  by  cytopathogeni c  effect 
or  by  the  hemadsorption  technique  in  the  original  cultures  or  in 
subcultures  Into  other  cell  lines  or  strains. 

This  short  term  study  (the  senior  author  has  left  the  Service) 
unfolds  the  difficulty  in  the  study  of  material  obtained  from  the 
first  trimester  of  pregnancy  for  chromosomal  analysis.  In  most 
instances,  the  fetus  has  been  dead  for  varying  periods  of  time 
prior  to  being  aborted  and  is  usually  blighted  or  decaying  and 
attempts  to  obtain  outgrowths  of  such  material  are  usually  unsuccess* 
ful.  When  initial  whorls  of  cells  are  obtained,  they  usually  regress. 
Improvements  in  cell  husbandry  techniques  may  help  to  overcome  this 
problem.  In  many  Instances  the  fetus  Is  lost  and  the  value  of 
culturing  the  tissues  obtained  is  questionable  although  one  such 
study  did  yield  a  sub*triploid  cell  from  a  piece  of  amnion.  The 
basic  thesis  of  this  research  project  has  not  been  anstircred 
although  there  is  some  evidence  that  obvious  chromosomal  abrwr- 
malitles  and  possible  virus  infection  may  both  play  a  role  In  this 
wastage . 
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TAtLE  1 


R«tuttt  of  AttaMptlng  to  culturo  tittuot  from  abortions  and  stillbirths 


TYPE  OF 

SPECii^N 

CULTURES 

NUMbCR 

OF 

rPlCIHEHS 

POSITIVE 

INITIAL 

GROWTH 

AtNORlML 

KARYOTYPE _ 

L— SiLU 

a.  “Bllghtad" 

8 

7 

7 

0 

b.  'Ytormal'^ 

9 

S 

4 

2 

0 

c.  Hacaratad 

8 

1 

0 

1 

0 

2.  Mo  fatui 

a.  Fatal 

mambranas 

15 

9 

5 

4 

1  (SS)** 

b.  Oactdua 

9 

S 

$ 

0 

3.  Stillbirth 

A 

J» 

J. 

-1 

TOTALS 

54 

33 

23 

10 

2 

*  'Ylormal"  fatus: 

No  gross 

av i danca 

of  dacay. 

’^'Abnorwai  haryotyf>«S;  a.  Tetai  maiabraoa  (amnion):  Vieidad  "stabia"  call 
culturas  sfith  W  chromosomas.  b.  Stillbirth:  Trisomy  In  group  "E" 

(i6  to  18). 


TMLE  2 


Rtttults  of  poriphorai  biood  chromoMna  atudiai 


SOURCE  OF 
SPECIMENS 

NUMBER 

MITOSIS 

POSITIVE 

NORMAL 

KARYOTYPE 

ABNORMkL 

KARYOTYPE* 

1.  Pat  1  ant 
(suspected 
congenital 
defect) 

17 

15 

8 

7 

2.  Leukemia 

3 

1 

1 

0 

3«  Parents 

12 

12 

A 

TOTALS 

30 

26 

19 

7 

ABNORMAL  KARYOTYPES: 

Turner' s 

syndrome:  1; 

Down's  syndrome:  S, 

Translocation  1. 


iwf 

A. 

IK  tl  II 

B.  9B 

«« 

a 

AX  itt  lAftAtvansB 

D. 

ft* 

Aa 

t- 

»  m  Mti 

G.*A  *  A 

A.  ^ 

A. 

V 

rirsp, 

s 

■▼11.11 11*  mi*i  I  liivA 


r  U«.S  II I 

wr  f  I  w  I 


I.  <i  it  li  it  ii  )i 

MA  Ai  E*l  * 


it 


It  1  ^ 


nmu 

6 


tlTO 


FIGURE  2 


FORM  FOR  ABORTUSES  FOR 


VIRAL  ANO  CHROHOSOHE  STUDIES 
Hospital :  Ward; 

Ha*'»a :  Aq«  :  Race  ^ 

Hospital  Number:  Attending  Physician: 

Date  of  Abortion  (or  Curettage):  Time: 

Gestational  History:  Gr.  P.  Ab. 

Present  Pregnancy:  LHP 

1.  Complications: 

2.  Abortion  History  (Cramps,  Chills  and  Fever,  Bleeding,  Duration, 
etc.) : 

3.  History  of  Viral  Illness  of  ANY  TYPE  during  Pregnancy. 

Yes.  No. 

Date: 

Nature  of  Illness:  (Include  Diagnostic  Studies): 

k.  Known  Contact  with  Other  Individuals  with  ANY  TYPE  of  Viral 
Illness,  including  immediate  Family. 

Date: 

Nature  of  1 1 1  ness: 

S.  Vaccinations: 

During  Present  Pregnancy: 

Agent : 

Date: 

Prior  to  Present  Pregnancy: 

Agent  (s): 

Oate(s) : 

Other  Significant  Medical  History: 

Note:  Please  fill  in  all  spaces.  Use  "None"  or  "Not  Applicable"  (NA) 
as  necessary.  If  more  space  is  required  please  use  reverse  side  of 
this  sheet. 


6AML  Form  ,^85  (30  Dec  63) 
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METHOD  or  collection  OF  SPECIMENS 

1.  Virus  studies  only; 

A.  Products  of  conception  (abortuses  or  curettlngs)  are  collected 
as  aseptlcally  as  possible,  placed  In  sterile,  wide  mouth,  screw  cap 
jars,  sealed  tight  with  tape  and/or  paraffin,  and  froien  under  dry 
Ice.  Material  is  maintained  in  a  frozen  state  until  It  arrives  at 
the  Sth  USAML. 

b.  Acute  and  convalescent  sera;  To  relate  any  virus  Isolated 
to  possible  infection  of  the  mother  as  the  cause  of  the  interrupted 
pregnancy,  both  acute  and  convalescent  serum  specimens  from  the 
mother  are  necessary.  The  acute  specimen  Is  obtained  immediately, 
the  convalescent  about  21  days  tater.  At  least  10  ml.  of  clotted, 
whole  blood  for  each  speclmer4  Is  required. 

2.  Specimens  for  both  virus  studies  and  chromosomes  studies: 

a.  ABORTIONS:  Collect  all  products  of  conception  available. 

b.  FETUSES  ANO  STILLBORNS:  If  the  specimen  obtained  is  small 
enough  to  be  considered  a  "surgical"  specimen,  the  entire  fetus  Is 
desired;  If  large  enough  to  require  autopsy,  LUNGS  and  KIDNEY  should 
be  submitted. 

c.  CARRIER  MEDIUM  AnC  BOTTLES:  Sterile,  wide  mouth,  screw  cap 
bottles  and  Puck's  Saline  "A"  mo.  used  to  receive  the  specimens.  This 
material  can  be  furnished  by  the  Sth  USAML  on  request  or  produced 
locally  by  laboratories,. 

Formula  for  Puck's  Saline  "A": 


Sodium  chi  or i de 
Potassium  chloride 
Sodium  b i carbonate 
Glucose 

Distilled  water 

Phenol  red  (0.4%  solution) 


8,00  gm. 
0.40  gm. 
0.35  gm. 
I .00  gm. 
1000.00  ml . 
2.50  ml . 


(1)  Dissolve  all  Ingredients.  Dispense  in  100  mi. 
aliquots  in  Screw  capped  botties.  Autoclave  at  I2I'C  (15  pounds 
pressure)  for  10  minutes.  Add  to  each  bottle  1  ml.  of  a  solution 
containing  10,000  meg.  of  penicillin  and  streptomycin  per  mlliniter. 


d.  STORAGE  ANO  SHIPMENT  OF  SPECIMENS:  All  specimens  are  to 
be  placed  Immediately  in  the  refrigerator  and  plans  made  to  transmit 
them  to  the  Sth  USAML  within  24  hours  after  receipt.  The  specimens 
should  be  placed  in  a  water-tight  container  and  packed  with  WET  ICE 
in  sufficient  quantities  for  the  specimen  to  arrive  at  the  oth  USAML 


19 


6  AML  Form  /f85  (30  Dec  S3) 


under  refrigeration.  Stations  distant  from  this  laboratory  can  trans¬ 
mit  by  airmail  special  delivery  by  timing  their  packing  of  the 
specimens  to  coincide  as  close  as  possible  to  the  mailing  schedule. 
Courier  service  should  be  used  whenever  feasible. 

e.  PRECAUTiOHS  iH  COLLtCTiOH  OF  SrcCIHENS:  To  heir  meintai  i 
tissue  in  a  viable  state,  care  must  be  taken  to  avoid  contact  with 
toxic  SMbstances  such  as  disinfectants,  soaps,  formaldehyde,  etc. 
Sterile  precautions  should  be  maintained  as  far  as  is  reasonable. 

f.  ACUTE  AND  CONVALESCENT  SERA:  Essentlai  as  noted  above  fur 
virus  studies. 


SAML  Form  #35  (30  Dec  S3) 
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In  an  effort  to  determine  the  role  of  Mlnvae-Herel  lea  organisms 
in  penicillin-resistant  gonorrhea,  a  new  medium  for  the  selective 
isolation  of  these  organisms  v«as  developed.  In  a  series  of  80  cases 
of  gonorrhea,  including  4  cases  that  were  not  successfully  treated 
with  penicillin,  Mimae-Hsrel lea  organisms  were  isolated  only  once, 
and  in  that  instance  were  not  associated  with  a  treotment  failure. 
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During  the  past  year,  this  study  was  handicapped  by  a  shortage 

““pu  perform 


penlci 1 1 i n-Sensi ti v i ty 


testing  of  strains  of  N*  qonorrhoeae  from  cases  of  gonorrhea,  ar»d 
this  portion  of  the  study  was  not  done.  Emphasis  was  placed  on  the 
refinement  of  a  selective  medium  for  the  isolation  of  Mimae^Harel lea 
organisms,  reportedly  associated  with  penicillin-resistant  gonorrhea. 


Proqreis: 

Studies  on  Penicillin-Resistant  Gonorrhea: 


a.  An  absence  of  trained  personnel  resulted  in  the  discon¬ 
tinuation  of  that  portion  of  the  project  dealing  with  isolation  and 
penicillin-sensitivity  testing  of  N.  qonorrhoeae  isolated  from  cases 
of  gonorrhea. 

b.  Due  to  the  reported  association  of  Mimae-Warel lea 
organisms  with  penicillin  treatment  failures  of  gonorrhea,  an  attempt 
was  made  to  develop  a  medium  that  would  selectively  permit  the  isola¬ 
tion  of  these  organisms.  The  study  of  the  role  of  these  organisms 
has  been  hinderea  due  to  the  uncertainty  of  recognizing  Mimae-Haral- 
lea  organisms  in  the  presence  of  large  numbers  of  gram-positive 
cocci  and  gram-negative  rods  (usually  members  of  the  family  Entero- 
bacteriaceae) ,  frequently  encountered  in  urethral  and  vaginal  dis¬ 
charges.  After  a  number  of  trials,  the  formulation  of  the  most 
satisfactory  medium  was  as  follows  (in  grams  per  liter  of  distilled 
water):  pancreatic  digest  of  casein  (Oifco):  1^;  soy  peptone: 

(Difco):  5;  sodium  chloride:  Si  lactose;  10;  maltose:  10;  bile  salts: 
1.25;  bromocresoi  purple;  0.02;  and  agar:  16.  After  24  hrs  at  37  C, 
colonies  of  Mima  and  Herellea  organisms  were  pale  lavender.  All  acid 
producing  colonies  were  yellow,  surrounded  by  a  yellow  zone.  The 
growth  of  gram-positive  organisms  was  inhibited.  Species  of  Pseudo¬ 
monas  and  Proteus  were  not  inhibited,  nor  did  they  produce  acid. 
However,  Pseudomonas  colonies  were  easily  recognized  by  their  gray- 
green  color  and  diffusible  pigment,  when  present.  If  desired, 

Proteus  colonies  can  be  differentiated  by  the  addition  of  5.0  g. 

of  phenylalanine  and  0.5  g.  of  ferric  annonium  citrate  to  the 
medium,  in  which  case  Proteus  colonies  are  brown,  surrounded  by 
a  light-brown  zone.  A  totzl  of  80  patients  with  gonorrhea  was  exam¬ 
ined  for  the  presence  of  Mi mae- He re  I  lea  organisms,  using  this  new 
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msdium.  On)y  one  isolation  of  •  strain  of  Mima  was  made,  and  this 
was  not  from  a  patient  i^H)  was  a  panic!  Min  treatment  failure.  This 
study  continues  to  fail  to  find  support  for  the  supposition  that 
Kimae-Haral lea  organisms  are  associated  with  penicillin  treatment 
failures  of  gonorrhea. 

c.  This  study  is  now  considered  to  be  terminated.  All  of 
the  funds  have  been  expended,  and  a  final  report  will  be  submitted. 

Publications 

Mandei ,  A.O. ,  Wright,  K. ,  and  McKinnon,  J.M. ,  Selective  medium  for 
isolation  of  MLtBta-Marel  lea  organisms,  j.  ,,acL.  1X4,  'W;  1524-1525. 
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Extended  studies  were  made  during  the  past  year  on  the  development 
of  a  maintenance  medium  that  would  eliminate  the  necessity  of  feeding 
cr  cultures  following  Inoculation  with  specimens  for  virus  isolation 
studies  and  yet  permit  long  term  studies.  To  enhance  Isolation  of  such 
virus  agents  that  may  be  inhibited  by  normal  body  fluids,  as  serurr,  an 
adeauate  replacement  was  found  in  the  use  of  lactalbumin  hydrolysate, 
pol  ny I py ro I i done  and  fatty  acid  poor  bovine  albumin.  These  studies 

hav  largely  eliminated  the  routine  labor  involved  in  tissue  ce'l 
husbandry  and  has  made  it  possible  for  small  virus  diagnostic  laboratories 
to  conduct  large  sca'e  isolation  surveys. 


BODY  OF  REPORT 


Project  No.  6x6 1 -01 -001 -01 

Title: 

Communicable  Diseases 

Task  No.  2 

Title: 

Culture  Nedie  for  Growth 

and  Maintenance  of  Tissue 

Cell  Cultures 

De script  ion: 

The  purpose  of  the  present  investigations  Is  to  develop  madia, 
preferably  synthetic,  that  will  enable  the  rapid  growth  of  both  "nonaal” 
and  "malignant"  tissue  cell  cultures  and  to  enhance  the  growth  of  virus 
agents  therein. 

Progress: 

The  development  of  Medium  L-I5»  v<hfch  permits  the  growth  and 
maintenance  of  tissue  cell  cultures  In  free  gas  exchange  with  the 
atmosphere  has  been  described  In  previous  annual  reports  (VOl .  I,  1962 
and  Vol ,  2,  1963)  and  has  been  published  (Leibovitz,  A.,  Jour. 

Hyg.  28:  I73“l80,  Sep.  1963).  This  medium  has  received  international 
recognition  and  is  being  presently  manufactured  In  the  United  States 
by  at  least  *♦  biological  houses  (Microbiological  Associates,  Grand 
Island  Biological  Company,  Oifco  Laboratories,  and  Hyland  Laboratories). 
The  elimination  of  bicarbonate  as  a  buffer  system  and  the  Increase  In 
available  amino  acids  has  enabled  long  term  studies  of  both  normal  and 
malignant  cell  cultures  before  degeneration  sets  In.  The  ability  to 
grc3w  cells  in  free  gas  exchange  with  the  atmosphere  has  el  i«.l '’>;»ted  the 
necessity  of  capping  tubes  and  bottles  prior  to  inoculation  with 
infectious  agents  and  has  thus  markedly  reduced  the  manual  labor 
involved  in  tissue  cell  husbandry. 

During  the  past  year,  the  serious  bottleneck  of  having  to  feed 
tissue  cel'  ci?rL!f:?s  following  inocu'at Ion  wl th  specimens  that  may 
contain  virrrs  has  been  eliminated.  The  necessity  of  feeding 

tubes  to  maintain  tissue  cell  integrity  had  two  serious  drai^acks; 

(I )  the  manual  labor  Involved  and  (2)  the  danger  of  cross^contaminat ion 
(most  tissue  culture  laboratories  have  found  themselves  In  the 
predicament  of  suddenly  finding  the  same  virus  agent  In  a  variety  of 
specimens,  regardless  of  source).  Another  serious  bottleneck^  the 
use  of  body  fluids,  especially  normal  human  or  animal  sera,  to  help 
maintain  tissue  cell  integrity  over  a  long  period  of  time,  has  also 
been  eliminated  in  tissue  cell  maintenance.  The  most  obvious  Inter¬ 
ference  of  sera  with  virus  growth  is  seen  in  the  isolation  of  the 
Myxovirus  agents:  the  mucopoi ysacchar I des  and  mucoproteins  interfere 
with  the  demonstration  of  hemadsorption  of  red  blood  cells  by  the 
virus  agents  and  thus  mask  their  presence.  Actual  reduction  in  virus 
growth  has  been  noted  by  many  investigators. 
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material  and  hcthoos 


Forwoly  for  Medluni  for  »|1  Cell  Cultures:  The  foU owing 

ingredients  are  added  par  liter  of  madium  L-15,  complete  with  glutamine 
and  antibiotics  but  t  Ithout  serum: 


*.artf'Suflin  hydro' ysate’’ - - - - - SO.OO  m' 

Tfld  Pc  ■  yv  i  ry  .  r  yro’ ' - t'1.0')  m' 

'  Jt  <e  a'b^'min,  fatty  add  poor^">‘“»‘ 'JO. 00  m’ 


Nutrlilonai  6  cchemical 
Hann  L>iborator  ies 
'‘**Pantax  Incorpora  tad 


Preparation  of  Ingredients; 


lactalbumtn  hvdroivsata;  S%  solution  per  liter 

Triple  dlstlllad  water - — — .  970.00  ml 

Had- - - - - -  8.00  gm 

KCI— ——————— — 0.40  gm 

K2HPO4  (anhydrous)— ——————————— — -  1.74gm 

Phenol  red  (0.4%  jolut Ion)— ———————————  2.50  ml 

Lactalbumin  hydrolysate  (solubi  I  lied)— 50.00  gm 


Place  970  ml  water  in  Erlenmeyer  flask  containing  a  magnetic 
har  and  place  on  magnestir.  Add  each  ingredient  separately  and  allow 
to  dissolve  before  adding  next  Ingredient.  Allow  stirring  to  continue 
until  a  sparkling  clear  solution  Is  obtained.  Cterillr;e  through  a  mI’’ipore 
filter.  Distribute  in  desired  aliquots.  Color  of  solution  should  be 
amber  with  about  a  S.7  pH. 


i  I  Polyvinyipyroi Idone  (PVP  40)  10%  per  1 1  ter 


Triple  distilled  water* - - — - — - -  950.00  ml 

NaCI - - — - - - - -  3.00  gm 

KCl - - - - -  0.40  gm 

K2HP0^  (anhydrous) - - - — 1.74  gm 

PVP-40  (pharmaceutical  grade) - - — - - 100.00  gm 

Phenol  red  (0.4%  solution)— — - — 2.50  ml 


1.  Put  In  solution  end  sterilize  as  for  lactalbumin  solution 

above, 

2.  Final  pH  is  about  5.7 

3.  Store  in  refrigerator  or  deep  freeze. 
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Dovine  Albumip.  F<tty  ActA.Poor  .1  ? t?/. 

Triple  distilled  weter------ - 98O.OO  ml 

NeCi— - - - - - — 9.00  am 

KCI - - O.M)  ^ 

K2HPO1J  (enhydrous) — ------- — I.y^igm 

Bovine  albumin,  fatty  acid  poor--*-— 40.00  gm 
Phenol  red  {0.4X  solution)— — 2.50  «»' 


1.  Put  In  solution  and  sterilize  as  for  lactalbumln  solution. 
Use  of  pre-filter  with  mllllpore  filter  will  facilitate  sterilization. 

2.  Final  pH  is  about  S.S 

3.  Store  in  refrigerator  or  deep  freeze. 

DISCUSSION 

The  use  of  the  above  medium  for  maintenance  has  enabled  the 
relatively  long  term  study  of  both  malignant  and  normal  cell  cultures. 
Uninoculated  malignant  cell  cultures  in  bottles  have  been  held  up  to 
45  days  without  feeding  and  have  retained  about  50  percent  of  their 
viable  population  which  can  be  readily  induced  back  into  the  log 
phase  of  growth  by  the  addition  of  regular  outgrowth  media  (Nadia  L-IS 
plus  10  percent  fetal  c«lf  serum).  Diploid  cell  cultures,  when  obtained 
from  active,  healthy  ceils,  do  not  show  an  untoward  degeneration  in 
this  period  of  time. 

Cells  Inoculated  with  a  variety  of  specimens  (throat  wash,  stool, 
tissues,  spirvil  fluid,  etc.)  and  placed  on  roller  drums,  as  to  be 
expected,  have  a  shorter  life  span.  However,  mallgrtant  cells  will 
survive  from  7  days  to  21  days  (especially  Hela  cells)  and  diploid 
cells  from  21  to  30  or  more  days  unless  virus  activity  is  evident. 

This  survival  Is  fully  as  good  as  cells  maintained  on  serum  containing 
medi urn  wi thout  additiorral  feeding. 

Cells  can  be  maintained  on  Nedium  15  without  serum  and  without 
the  above  supplement,  but  maligrrant  cells  usually  start  to  show 
degeneration  within  7  days  and  diploid  cells  start  to  show  retraction 
within  IS  days.  The  value  of  the  above  medium  has  been  repeatedly 
demonstrated  through  the  isolation  of  myxovirus  agents  (especially  the 
parainfluenza  agents)  and  the  slow  growing  picornaviruses. 

The  elimination  of  feeding  inoculated  tubes  has  enabled  this 
laboratory  to  quadruple  the  number  of  specimens  that  can  be  readily 
handled  by  the  same  number  of  personnel  and  a  large  scale  survey  study 
was  undertaken  in  addition  to  the  normal  work  load  of  the  section.  In 
addition,  the  number  of  different  cell  cultures  that  could  be  used  for 
investigation  of  both  routine  and  special  studies  has  been  increased 
from  3  to  5  and  thus  has  enhanced  the  possibility  of  successful  virus 
isolations.  At  the  present  time,  the  following  cell  cultures  are  in  use 


Emb  ryon I c  human  I unq 
and  Rhasuf  monkay  ki 

carrSsd  serial  !y  ir. 


,  ambryontc  human  skin  and  muscle,  Hela,  HEp-ll, 
doey.  All  of  thesa  cell  cultures  are  being 
msdium  L“I5  plus  feta!  calf  serum;  even  th* 


Rhesus  cell  can  be  carried  up  to  10  passages  before  obvious  latent 
agents  negate  Its  value  for  diagnostic  purposes. 


Interesting  Isolations  during  the  year  was  the  uncovering  of 
Coxsackie  A»l6  as  the  cause  of  "hand,  foot  and  mouth"  disease  In 
children  (results  to  be  published  as  co-author  with  Captain  Richardson, 
MC,  of  an  Air  Force  Medical  facility)  and  the  isolation  of  Parainfluenza 
type  I  from  3  cases  of  sudden  death  (or>e  from  the  brain  and  two  from 
the  heart's  blood  obtained  at  autopsy).  This  agent  was  also  Isolated 
from  a  case  of  pericarditis  and  from  a  necrotlsing  lesion  of  the  cornea. 
As  some  of  these  Isolates  are  being  made  In  adults,  some  revision  may 
have  to  be  made  In  evaluating  the  role  of  this  organism  In  adult 
disease. 
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Z-deoxy-d-glucose  (D-ZhD)  was  shown  to  Inhibit  the  fermentation  of 
glucose,  mannose,  fructose,  and  glycerol  by  Trypanosoma  qamblense. 
Evidence  Is  presented  to  support  the  conclusion  that  D-2-D  Inhibits 
metabolism  at  least  t»«  sitas  within  the  Embden-Meyerhof-Pernas  path¬ 
way,  The  Inl.ibitlon  of  both  hexose  end  glycerol  utilization  by  D-2-0 
was  reversed  by  the  addition  of  glucose;  however.  Inhibition  of  glycerol 
utlll-'-tlon  was  much  more  sensitive  to  reversal,  A  second  analogue  of 
glucose,  glucosemlne,  was  also  capable  of  Inhibiting  glycerol  utlli- 
zetlon  but  had  no  apparent  effect  on  the  fermentation  of  glucose.  The 
structural  requirements  of  compounds  capable  of  acting  as  Inhibitors  of 
hexose  and  glycerol  utilization  as  well  as  those  compounds  capable  of 
relieving  glycerol  inhibition  were  shown  to  be  highly  specific. 

At  present,  the  exact  enzymatic  sites  Inhibited  by  either  D-2-0 
or  glucosamine  Is  unknown.  However,  the  possibility  that  D-2-0  In¬ 
hibits  the  transport  of  substrates  across  the  cell  membrane  Is  dis¬ 
cussed. 

This  paper  has  been  submitted  to  EXPERIMENTAL  PARASITOLOGY  for 
possible  publication. 
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and  Glycerol  Utiliza¬ 
tion  by  2-DeoKy-D- 
Glucose  In  Trvperxr 
soma  qaHb tense  end 
TnfMPOsoma  rhqdMleftifi 

Description: 

The  African  trypanosomes  utIUze  three  different  carbohydrates: 
9lucose,  mannose  and  fructose  and  one  alcohol ^  glycerol  (von  Brand,  T., 
1952),  These  carbohydrates  (and  glycoroO  are  solely  utilized  via  the 
Embden-Heyerhof-Pamas  (EMP)  pathway  (Grant,  P.T. ,  and  Fulton,  -i.D*, 
i957)>  Although  these  substrates  share  a  coamon  pathway,  they  are 
utilized  at  very  different  rates.  In  order  to  explain  tlw  differences 
In  rate  of  hexoses  utilization,  It  was  assufed  that  the  rate  limiting 
step  must  be  one  of  the  initial  steps  in  the  EMP  pathway,  t.e, , 
transport  of  hexoses  across  the  cell  tnen^rane  or  phosphorylation  of 
hexoses  by  hexokinase.  Since  it  Is  believed  that  the  glucose  analogue, 
2-deoxy-d- glucose  (0-2-0),  Inhibits  a  hexosc  transport  system  In  yeast 
(Scharff,  T«G. ,  1961,  and  Scharff,  T.G.,  and  Kramer,  ill,  E^H, ,  1962), 
the  effect  of  0-2-0  on  the  fermentation  of  various  substrates  by 
trypanosomes  was  examined. 

This  paper  describes  the  effect  of  two  glucose  analogues  (0-2-0 
and  glucosamine)  on  the  metabolism  of  glucose,  mermosu,  fructose,  and 
glycerol  In  Trypenosoma  gamblense  and  TryaenosoiM  rhodesleiwe. 

Progress: 


MATERIALS  AlO  METhOOS 


Strains  of  trypanosomes. 

The  (XaR)  strain  of  Trypanosoma  rhodesiense  has  been  described 
pre'^iously  (Seed,  J.R,,  I963),  The  Wellcome  TS  strain  wes  Isolated 
from  a  patient  in  1921  and  has  subsequently  bean  maintained  In  rodents. 
These  strains  were  syringe  passaged  every  second  day  through  20  gram 
female  iv.|ca. 

Isolation  of  trypanosomes. 

Mice  v«ere  bled  by  heart  puncture  at  the  height  of  Infection, 
using  i%  sodium  citrate  (W/V)  as  the  anticoagulant.  The  suspension 
was  centrifuged  at  1300  RPKs  in  an  International  Clinical  Centrifuge 
for  4  minutes.  After  centrifugation,  the  serum  and  the  trypenosome 


layar  was  rwnovad  from  th«  undarlying  r»d  cat  I  layer  with  a  Pasteur 
phiatte.  1^1 s  suspension  was  then  centrifuged  at  1900  RPNs  for  u 
minutes  In  the  clinical  centrifuge  and  the  terum  layer  removed.  The 
trypanosomes  were  resuspended  In  Pfnger's  phosphate  (O.IM  I^CI , 

C.OSm  KCI,  Q.OZn  WgSGSj,  and  0.025M  phosphate  buffer,  oH  7,2)  con¬ 
taining  either  a  hexose  (O.OIM)  or  glycerol  (O.OIM)  and  centri¬ 
fuged  again  for  h  sninutes  at  2780  RPMs  In  the  clinical  cantrlfuge. 

The  trypanosome  layer  was  removed  and  resuspended  at  a  concentration 
of  2.5  to  J,5  X  10'  calls/ml  (0.3  to  0-4  mg  Proteln/ml)  In  Ringer's 
phosphate  plus  substrate.  The  suspen&.on  of  trypanosomes  was  almost 
completely  free  of  any  contaminating  erthrocvtes,  white  blood  cells 
or  platelets. 

Qicygen  uptake. 

(4cygen  uptake  was  measured  In  a  conventional  Warburg  apparatus 
In  air  at  3I*C,  fach  flask  contained  2.8  ml  of  fluid.  This  Included 
0,2  ml  of  a  20%  KOH  (W/Vl  solution  In  the  center  well;  0.1  ml  of  MEM 
amino  acid  mixture;  0,1  nl  of  a  MEM  vitamin  mixture,  and  1.8  ml  of  the 
trypanosoma  suspensicn  In  the  main  compartment.  Tha  manomater  flasks 
wara  shaken  at  120  oftcll  latlons/mliuite. 

Blochamical  assays. 

Haxokinase  was  assayed  according  to  methods  described  previously 
(Seed,  J.R. ,  1963}.  Trypanosome  extracts  vrnre  obtained  by  suspending 
0.2  ml  of  packed  trypanosomas  In  1.0  ml  distilled  water  with  the  aid 
of  a  teflon  homogenlzer.  Tha  suspension  was  centrlf*jged  at  3600  RPMs 
for  IS  minutes  In  a  clinical  centrifuge.  The  supemai^ant  was  used 
as  tha  enzyme  extract.  Protain  of  the  trypanosome  suspension  was 
assayad  by  the  method  of  Lowrv  et  ai*  (1951). 

Matarlals. 

2-deoxy-d-g 1 ucose  (M. A, ),  2-daoxy-d-r those  (M. A„),  d-glucosamlne 
hydrochloride  (M.A,),  j.(')sorbose  (M.A,),  were  all  obtained  from  Mann 
Research  Laboratories,  New  York  6,  New  York.  D(+)  galactose  (Sigma 
grade)  was  obtained  from  thi  Sigma  Chemical  Company,  St.  Louis  18, Mo, 
All  haxoses  listed  are  of  the  highest  quality  available  comnu  rclally, 
MEM  essential  amino  acid  solution  and  MEM  vitamin  solution  were  ob¬ 
tained  from  Microbiological  Associates,  Bethesda,  Maryland. 

RESULTS 

It  was  found  that  2-deo#<y-d-g  1  ucose  (l>-2-0)  Inhibited  the  oxygen 
consumption  of  T.  qamb tense  In  the  presence  of  glucose,  mannose, 
fructose  and  glycerol  (figure  I).  This  was  not  due  to  an  Inhibit  lor 
of  the  hydrogen  transport  system,  since  D-2-D  not  only  inhibited 
oxygen  uptake  but  also  acid  accumulation.  In  addition,  0-2-0  had 
no  effect  on  oxygen  consumption  In  cel  I- lysates.  Similar  results 
have  also  bean  obtained  with  T.  rhodes I ense .  except  that  0-2-0  had 
no  effect  on  the  fermentation  of  glucose  (figure  2)  ar^  gl  jcose,  It¬ 
self,  inhibited  the  utilization  of  glycerol. 


It  MBS  found  that  ths  addition  of  sufficient  glucose  would 
overcofflB  the  inhibition  of  glucose  or  glycerol  femuntatlon  hy  D>2>0 
(Figure  3  snd  Table  1).  However,  Table  1  also  showed  that  It  re¬ 
quired  at  least  five  times  more  glucose  to  relieve  the  inhibition 
of  glucose  utilization  than  It  does  of  glycerol  utilization.  This 
instiled  ihat  'f»  T.  qainblense.  0=2=0  Inhibited  the  utilization  of 
hexoses  and  glycerol  at  least  two  sites.  Further  evidence  to  support 
the  conclusion  thet  two  sites  exist  caoie  from  work  with  glucoeaialne. 
Glucosamine,  tdiich  is  not  utilized  hy  _r.  gamblense.  Is  structurally 
very  similar  to  D-2-D.  Both  cnalogL^es  are  Identical  to  glucose, 
except  for  the  loss  of  the  hydroxyl  group  at  carbon  number  two. 
Glucosamine  was  shown  to  inhibit  the  utilization  of  glycerol  but 
had  no  apparent  effect  of  the  utilization  of  glucosa  (Figure  4).  it 
should  also  be  noted  that  increasing  the  glycerol  concentration  had 
no  apparent  offact  on  the  inhibition  of  glycerol  utilization  by  D-2-0. 


in  an  attempt  to  determine  the  type  of  chemical  structure  re¬ 
quired  to  inhibit  both  the  utilization  of  glucose  and  glycerol,  as 
well  as  relieve  the  Inhibition  of  glycerol  utilization,  the  effect 
of  many  compounds  Structurally  similar  to  glucose  were  studied. 

These  results  are  shown  in  Table  2.  It  was  also  datenr.Ined  which 
of  the  compou'^ds  Investigated  were  capable  of  being  phosphorylated 
by  hexoklnase  and  of  being  utilized.  From  the  data  obtained,  It  was 
concluded  that  inhibitors  of  both  glucose  and  glycerol  fermentation 
were  quite  specific.  Inhibitors  must  be  aldo-hexoees ,  which  arc 
sufficiently  similar  to  glucose  to  be  capable  of  being  phosphorylated 
but  leek  the  hydroxyl  group  at  carbon  two.  Compounds  capable  of  re- 
liciving  the  Inhibition  of  glycerol  utlilzetion  must  also  be  aldo- 
hexoscs  which  are  capable  of  being  phosphorylated.  It  would  appear 
that  the  only  alteration  which  can  occur  In  the  glucose  molecule 
is  the  rotation  of  the  hydroxyl  group  around  cerbon  two,  as  In  the 
case  of  mannose. 


Since  both  0-2'*D  and  glucosamine  are  capable  of  being  phosphory* 
leted,  it  is  possible  that  a  phosphorylated  intermediate  was  the 
actual  inhibitor  of  glucose  and  glycerol  utilization,  if  a  metabolic 
Intermediate  is  the  inhibitor.  It  does  not  appear  to  accumulate  within 
the  cell.  The  kinetics  of  oxygen  uptake  after  the  addition  of  glucose 
to  cells  Incubated  for  varying  periods  of  time  in  glycerol  plus  D-2-0 
were  identical  (Figure  5).  Also,  since  there  was  an  Imnedlate  linear 
stimulation  of  oxygen  uptake  after  the  addition  of  glycerol  to  cells 
utilizing  glucose  or  mannose,  it  Is  believed  that  the  enzymes  In¬ 
volved  In  the  metabolism  of  glycerol  ere  constitutive  (Figure  5). 
Therefore,  0-2-0  does  not  appear  f.o  Inhibit  the  formation  of  any 
Inducible  enzymes  necessary  for  the  m  cabolitm  of  glycerol. 

It  was  found  that  0-2-D  docs  Inhibit  carbohydrate  (and  glycerol) 
metabolism  of  T.  gamblense  in  the  presence  o  normal  rabbit  serum  or 
of  tiypanosomes  present  in  whole  mous*)  blood  altered  only  by  the 
presence  of  anticoagulant.  Therefore.  It  is  assumed  that  the  In¬ 
hibition  by  0-2-0  was  not  an  artifact  of  an  unnatural  environment. 
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AI»c.  th«  Inhibitory  «ff*cts  of  0-2-0  on  th«  rr^cabolltm  of  both  J. 

and  J.  rlK>da»i<ntc  would  su99«tt  that  thaae  rvsultJ  are 
not  due  to  a  p«cuTi«rl ty  of  a  tingla  strain  or  S|^ias  of  African 
trypanoscmas. 


OiSCUSSION 

2-d«oxy-d-g I ucosa  was  shown  to  Inhibit  the  farnwf.tatlon  of 
glucose,  mannose,  fructose,  and  glycerol  in  Trypanosoma  qembtense. 

The  fermentation  of  mannose,  fructose,  and  glycerol,  but  not  glucose, 
was  also  Inhibited  by  0-2-0  In  Trypanosoma  rhodeslansa.  Results 
similar  to  those  obtained  with  the  trypanosomes  have  bean  obtained 
with  yeast  (Scharff.  T.G. ,  1961,  Scharff,  T.G. ,  and  Kramer,  III,  E. 

H, ,  1962).  In  addition,  normal  and  tumor  cells  have  been  found  to 
be  sensitive  to  0-2-0  (Woodward,  G.  E. ,  and  Hudson,  M. T. ,  1956). 

In  T.  qamblense  I nhibl tlon(of  glucoso  and  glycerol  utilization) 
by  0-2-0  presumably  occurs  at  two  separate  sites.  Another  inhibitor 
of  glycerol  fermentation  Is  glucosamine,  which  is  structurally  similar 
to  D-2-0,  and  inhibits  only  glycerol  utilization  under  the  conditions 
employed.  The  fact  that  only  compounds  which  can  be  phosphorylated 
are  inhibitors  suggests  two  possibilities:  (I)  that  phosphorylated 
Sexose  intermediates  are  the  actual  Inhibitors,  or  (2)  that  the 
hexose  Itself  Is  the  Inhibitor  but  must  be  structurally  capable  of 
being  phosphorylated  by  hexokinase.  It  is,  however,  apparent  that 
Inhibitors  of  both  hoxose  and  glycerol  fermentation  are  quite  specific 
In  their  chemical  structure. 

There  Is  some  evidence  in  the  literature  to  suggest  that  an 
active  transport  mechanism  Is  Involved  In  the  uotake  of  ar.iino  acids, 
galactose  and  various  Ions  In  trypanosomes  (Williamson,  J. ,  and 
Desowitz,  R.S. ,  1961,  Warren,  L.  G. ,  end  KItzman,  W. B. ,  1963,  and 
Hulvey,  Jr.,  P.F.,  I960).  Also,  phosphorylated  intermediates  of 
both  glucose  and  glycerol  metabolism  are  not  utilized  by  Intact 
ceils  of  T,  qamblense  atid  T,  rhcdes » ense .  but  they  are  in  cell- 
lysates.  In  addition,  several  hexoses  which  competitively  inhibit 
!:he  phosphorylation  of  glucose  had  no  effect  on  glucose  utilization 
In  Intact  cells,  even  Chough  one  of  the  tBxoklnase  Inhibitors  (man¬ 
nose)  can  be  utilised  by  the  African  trypanosomas  (Seed,  J.R., 
unpublished  observations).  These  data  are  compatible  with  the  concept 
'■f  a  transport  system  for  carbohydrates  In  the  African  trypanosomes. 
The  simnarity  between  the  results  reported  in  this  paper  and  those 
obtained  with  yeast  might,  therefore,  suggest  that  D-2-P  also  In¬ 
hibits  fermentation  In  trypanosomes  by  blocking  a  transport  mechanism. 
The  Inability  to  Inhibit  several  enzymes  of  the  hexose  or  triose 
portion  of  the  Embden-Heyerhof-Parnas  Pathway  by  D-2-0  would  support 
this  hypothesis  (Seed,  J.R.,  unpublished  observations).  Crant  and 
r>argent  (I960)  have  shown  that  glycerophosphate  Is  accumulated  In 
cells  respiring  In  glycerol  but  not  In  glucose,  it  Is,  therefore, 
possible  to  explain  the  long  lag  prior  to  Inhibition  of  glycerol 
metabolism  by  D-2-0  by  assuming  that  glycerophosphate,  but  not 


glycerol,  car  be  utilized  In  the  presence  oC  D-2-0.  if  this  eee 
suniption  Is  true,  then  0-2-0  must  Inhibit  either  glycerokinese  or 
A  frAncnort  ^OT  qI/CSTO!* 
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The  effect  of  increased  alucose  conr«nt rations  on  the 
oxygen  uptake  of  Trypanotoma  gambiense  Inhibited  by  D-2-0, 


urn  glucose/ 

urn  0-2-0 

%  Inhibition  of  oxvganuptake  4 

Exp.  1 

glucose  fermenta’. Ion 

* 

Exp.  2 

glycerol  fermentation 

5.5 

00.0 

2.5 

30.0 

- 

1.5 

78.0 

- 

1.0 

3l  .0 

00.0 

0.5 

3k.0^!i 

2o.O 

0.25 

- 

37.0 

0.125 

- 

6k,  0 

0.075 

m 

69.0 

0.00 

* 

86.0 

4  In  experiment  I  trypanosomes  were  Incubated  In 
glucose  and  0-2-0,  varying  concentrations  of 
glucose  were  added  from  the  side  arm.  In  ex¬ 
periment  2  the  trypanosomes  were  incubated  In 
glycero!  and  0-2-0,  and  varying  amounts  of 
glucose  added  from  the  side  arm, 

■ft 

increased  concentrations  of  glycerol  had  no 
apparent  effect  on  the  per  cent  inhibition  by 
a  constant  amount  of  0-2-0, 

^  This  Is  the  maximum  inhibition  obtainable  with 

0-2-0. 
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Table 


0^ 


a  Inhibitory 

b  Reverse!  of  Inhibition  by  D-2«0 
c  Phosphoryldted  by  trypanosonie  extracts 
d  Utilized  by  T rypanosonia  qamblensij 
-  No  effect  found. 
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FIGURE  I:  The  effect  of  0-2-0  on  the  respiration 
of  Trypanosoma  gawblense  suspended  In 
glucose,  mannose,  or  glycerol.  Glyc¬ 
erol  (20um).  Glucose  (20um),  .•  Man¬ 
nose  (20um).  Glycerol  (20ufn)  plus 
D-2-D  {40i'm) .  Mannose  (20um)  plus 
D-2-0  (40urn) .  Glucose  (20um)  plus 
D-2-0  (40utT ' .  P-2-0  was  edit'd  from  the 

si  dear  71  at  .  ire  t'me. 
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OXYGEN  UPTAKE  (u)/3.0xlo/  cells) 


160 


0  .  _  . . 

“0  20  40  60  So 

TIME  (Minutes) 

P'1  CURE  2:  The  effect  of  0-2-0  on  the  respiration 
of  Trypanosome  rhodeslense  sus  enoed  I n 
glucose  or  tnannose.  Glucose  (2rAjm) , 

Glucose  (20um)  plus  D-2-0  (4rum) , 

Mannose  (2  0um),  Mannose  (2.>um)  plus 

0-2-0  C40um).  0-2-0  was  added  from  the 

side  arm  at  30  minutes. 
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OXYGEN  UPTAKE  <ul/2.5x10^  ceMs) 
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F ;GURE  3 :  The  release  by  glucose  of  the  Inhibition 
of  oxygen  uptake  by  D-2-0  In  Trypanosoma 
oamblense.  Glycerol  (20um).  ,  Glycerol 
(ZOum)  and  0-2 **0  (40uni)  plus  glucose 
(40um)  added  from  the  side  arm  after  10 
minutes.  Glycerol  (20urn)  and  0-2-0 
(40um)  plus  slucose  added  after  20 
minutes.  Glycerol  (20um)  and  0-2-0 
(40ur.i),  0-2-0  was  added  fro^  the  side 
arm  2  mlniites  before  zero  tl“c*. 
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FIGURE  4:  fhe  inhibition  by  glucosamine  of  oxygen 
uptake  by  Trypanosoma  gamb tense  In  the 
presence  of  glycerol.  Glycerol  (20imi) 
Glucot*  (20um)  plus  glucosamine 
(40uri),  ■  Gli.-cose  (7.0um),-  Rlycero! 

(nOum)  plus  g:ucosam?ne  (4C'um) ,  Glu¬ 
cosamine  added  from  side  arm  at  zero 
time. 
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A  Hexokinase  found  in  both  the  soluble  and  particulate  fractions 
of  Trypanosoma  gambiense  extracts  has  the  following  characteristics: 

A)  temperature  optimum  (50-30“C) ;  8)  pH  optimum  7.0“'9.0',  C)  required 
Mg-H-  and  ATP;  D)  Inhibited  by  AOP,  p-Hydroxyme.rcuri benzoate  and  also 
competitively  inhibited  by  mannose,  glucosamine  and  N«acetyl -D- 
glucosamine:  E)  phosphorylated  glucose  (l<m  2.'Jx10-^M),  fructose 
(km  l.UxlO'^M),  mannose  (ion  2.3x10"^),  2 -deoxy-0 -glucose,  and  glucesami ne. 

This  enzyme  was  clearly  distinguished  from  yeast  hexokinase  on  the 
basis  of  its  temperature  optimum,  inliibltlon  by  sulfhydryl  inhibitors, 
and  immunological  specificity.  The  inhibition  by  p-hydroxymercur i benzoate 
would  suggest  a  similarity  to  the  animal  hexokinases.  It  has  also  been 
found  that  this  enzyme  is  not  the  rate  limiting  step  in  carbohydrate 
metabolism.  Therefore,  differences  in  the  rate  of  hexose  utilization  by 
2a|T|blens^  can  not  be  accounted  for  by  differences  in  the  rate  of 
phosphorylation  of  various  hexoses. 


The  enzyme  from  T^.  rhodesiense  has  not  been  as  completely  character  i  zed 
as  the  enzyme  from  T.  qamb i ense .  however  the  preliminary  results  would 
suggest  a  close  similarity  in  their  properties. 


This  paper  has  been  submitted  to  the  Office  of  the  Surgeon  General 
for  review  and  clearance  for  publication.  Upon  approval,  it  will  be 
submitted  to  the  Journal  of  Protozoology  for  possible  publication. 
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Oascriptlon: 

Glucose,  mannose  and  fructose  are  utilized  at  different  rates  by 
the  African  Trypanosomes  (16).  These  hexoses  are  known  to  phosphorylated 
by  hexokinase  from  a  wide  variety  of  sources  (1).  This  suggested  that 
the  differences  In  the  rates  of  sugar  utilization  by  trypanosomes  might 
be  due  to  differences  In  their  rate  of  phosphorylation  by  hexokinase. 

This  paper  Is  an  attempt  to  characterize  hexokinase  from 
T.  rhodeslense  and  J.*  oamb tense  In  order  to  obtain  comparative  tnforma- 
tlon  and  alto  to  determine  If  hexokinase  Is  the  rate  limiting  step  In 
carbohydrate  metabolism. 

MATERIALS  AND  METHODS 

1.  General  Methods:  Doth  the  (XaR)  strain  of  Trypanosoma 
rhodesiense  and  the  Wi i I  come  (TS)  strain  of  Trypanosoma  cambiense  have 
oeen  described  previously  (12, 13)*  These  strains  were  maintained  by 
syringe  passage  every  second  day  through  20  g  female  mice.  To  obtain 
large  quantities  of  blood  trypanosomes,  200-300  g  white  male  rats  were 
infected  with  0.25  ml  of  infected  nKXise  blood  at  peak  parasitemia.  The 
procedures  used  to  isolate  the  trypanosomes  from  infected  rat  blood 
are  outlined  in  Figure  I. 

2 .  Hexokinase  Assay; 

(A)  Three  methods  were  used  to  measure  hexokinase  activity. 

The  first  was  the  method  describe  by  Oarrow  and  Colowick  (7).  Reactions 
assayed  by  this  method  were  analyzed  at  5S0  mu  in  a  Beckman  (Model  DU) 
spectrophotometer.  The  second  method,  described  by  Saltman  (’1), 
involves  the  precipitation  of  hexose  phosphates  hy  3a  (OH)^  and  ZnSO^^. 
Residual  free  g’ucose  is  then  measured  by  the  Somogyi  method  as  described 
by  A.C.  Ncish  (10).  A  third  method  Involved  the  measurement  of  Oj  uptake 
by  trypanosome  lysates  in  the  presence  of  glucose  ATP  and  DPNH.  oxygen 
uptake  was  measured  in  a  conventional  Warburg  apparatus  in  air  at  31'’C. 

(3)  Trypanosome  extracts  were  obtained  by  disrupting  0.3  ml 
of  packed  cells  in  1.0  ml  of  distilled  water  with  the  aid  of  a  teflon 
homogenizer.  The  resulting  suspension  was  centrifuged  at  ’600  RPM  for 
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10  minutes  in  •  clinical  centrifuge.  The  supernatant  was  used  as  the 
enzyme  c;ctract.  Trypanosome  lysates  for  respiratory  studies  were 
prepared  'jy  suspending  0.“^  ml  of  packed  cells  in  I  .0  ml  of  distilled 
water  and  then  Incubating  In  the  cold  for  15  minutes  to  allow  for 
lysis.  This  lysatr.  was  used  as  the  enzyme  preparation.  In  one 
experiment  a  cel  I 'lysate  of  J,.  rhodeslense  was  sonicated  in  a  Raytheon 
Oscillator  (hodel  OF  101)  fo7  15  minutes.  The  resulting  lysate  %#as 
centrifuged  and  the  sediment  resusoended  in  distilled  water  to  its 
original  volume.  Both  the  supernatant  and  the  sediment  were  used  as 
enzyme  preparations. 

(c)  Protein  was  determined  by  the  method  of  l,pwry  et  a_l_.  (0) . 

(D)  As  the  trypanosome  extracts  were  invariably  contaminated 
by  rat  blexjd  cells  (direct  counts  Indicated  a  maximum  of  3  percent 
contamination  by  red  blood  cells  and  a  smaller  percentage  of  white 
biood  cells  and  platelets) ,  it  was  necessary  to  det''rminp  if  the 
contaminates  were  In  any  way  responsible  for  hexokinase  activity  in 
trypanosome  extracts.  Therefore,  rat  blood  cell  extracts  (RCE) 

(primarily  red  blood  ceils)  were  prepared  from  packed  rat  blood  ceils 
in  a  manner  identical  to  that  used  to  prepare  trypanosome  extracts. 

The  RCE,  when  assayed  by  the  method  of  Oarrow  and  Colewick,  showed 
no  hexokinase  activity.  Also,  rabbit  antiserum  prepared  against  RCE, 
and  which  agglutinated  rat  red  blood  cells  at  a  titer  of  1/300,  failed 
to  neutralize  or  reduce  hexokinase  activity  In  trypanosome  extracts. 

Thus  the  hexokinase  activity  in  trypanosome  extracts  is  not  due  to  the 
presence  of  hexokinase  from  contaminating  rat  blood  ceils. 

? .  Neutra I i zat i on: 

(A)  Preparation  of  rabbit  anti -yeast  hexokinase.  Yeast 
hexokinase  (Sigma,  Type  Ml)  was  suspended  in  distilled  water  (2mgs/ml) 
and  then  mixed  with  1  part  of  normal  saline  and  2  parts  of  Freund’s 
adiuvant  (Oifto,  Complete).  This  mixture  was  injected  subcutaneously 
in  a  series  of  4  injections  over  a  period  of  two  weeks. 

(3)  The  neutralization  test  was  described  previously  (12). 
Briefly,  rabbit  anti -yeast  hexokinase  serum  (0.5  ml)  was  added  to  the 
enzyme  extract  (0.5ml).  The  mixture  was  incubated  at  37  C  for  I  hour 
and  then  overnight  in  the  cold  at  0-4*C.  The  suspension  was  centrifugod 
at  ■’boo  RPM  for  10  minutes  in  a  clinical  centrifuge  and  the  superMtant 
assayed  for  residual  enzyme  activity.  Controls  were  always  run  with 
normal  serum. 

fi.  Hater ia I s :  Adenosine  di-  and  tri-  phosphate  (ADP,ATP)  ,  Glucose 
S-phosphate,  2 -deoxy-D -glucose  b-phosphate,  reduced  di sphosphopyridlne 
nucleotide  (OPNH),  p-Hydroxymercuri benzoate  (originally  believed  by 
Sigma  to  be  p-chloromercur i benzoate) ,  and  yeast  hexokinase^  type  111 
were  all  obtained  from  Sigma  Chemical  Company,  St.  Louis  13,  Missouri. 
Inosine  triphosphate  (ITP)  was  obtained  from  Mann  Research  Laboratories, 
New  York  j,  New  York. 
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RESUITS 


{ 


lr»  extracts  of  Trypanosoma  oambtense  oreparet*  by  extensive 
homogenization,  hexokinase  activity  was  found  In  the  sediment  obtained 
by  low  speed  centrifugation.  One  experiment,  in  which  a  cel  I -lysate 
of  T.  rhodesiense  was  sonicated  for  15  minutes  revealed  that  hexokinase 
activity  was  still  present  in  the  low  speed  sediment  (12,000x6)*  There” 
fore,  hexokinase  In  both  T.  gamb tense  and  J,.  rhodesiense  is  at  least 
partially  particulate  In  nature.  Hexokinase  activity  was  also  found 
in  the  supernatant  fraction  after  centrifugation.  It  is,  however,  not 
known  if  this  was  due  to  the  release  of  hexokinase  during  preparation 
or  if  the  enzyme  actually  exists  in  the  cell  in  both  a  soluble  and 
particulate  state. 


Hexokinase  from  gamblense  Is  capable  of  phosphorylating  glucose, 
mannose,  fructose  2 -deoxy-O -glucose  and  glucosamine  but  falls  to 
phosphory late  at  least  9  other  sugars  (Table  I).  For  comparison, 
hexokinase  from  rhodesiense  and  yeast  were  studied  and  similar 
findings  were  obtained  with  the  sugars  tested.  These  results  have 
also  been  included  in  Table  1.  The  results  obtained  with  yeast  hexokinase 
are  identical  to  those  obtained  by  other  investigators  (4,9). 

The  relative  rates  of  phosphorylation  of  the  various  sugars  by 
trypansome  and  other  hexokinase  are  shown  In  Table  2,.  It  can  be  seen 
that  only  the  relative  rates  of  phosphorylation  of  fructose  by  the  various 
hexokinases  appear  significantly  different.  The  Michael  is  constants 
for  the  enzymes  from  T.  rhodesiense.  T.  oamb i ense  and  yeast  were 
determined.  These  results  plus  the  HIchaclis  constants  for  hexokinase 
from  various  other  sources  are  included  in  Table  3, 


The  effect  of  adding  varying  amounts  o^  mannose,  glucosamine  or 
H-acetyl -0-glucosamine  to  a  system  containing  various  concentrations 
of  glucose  was  determined  (Table  5).  All  three  hexoscs  competitively 
Inhibit  the  phosphorylation  of  glucose  by  extracts  of  T.  gamblense. 
Similar  results  were  found  with  yeast  hexokinase.  Mannose  has  been 
found  to  competitively  inhibit  the  phosphorylation  of  glucose  by 
extracts  of  T.  rhodesiense.  The  results  obtained  by  testing  the  effects 
of  various  other  sugars  on  the  phosphorylation  of  glucose  by  gamblense 
are  shown  in  Table  1. 


The  effects  of  various  co-factors  and  inhibitors  on  T.  gamblense. 
yeast,  and  Euglena  hexokinase  are  shown  in  Table  4.  2-deoxy-D-giuco5e 
apparently  had  little  effect  on  the  phosphorylation  of  glucose  (Figure  2). 
There  was  a  12%  reduction  in  the  rate  of  oxygen  uptake  in  the  presence 
of  2 -deoxy -0-glucose,  however,  it  is  doubtful  if  this  small  a  reduction 
is  signi Ti cant . 

The  temperature  optimum  for  the  hexokinase  from  I..  gamblense  Is 
SO-SO^C  (Figure  3).  The  temperature  optimum  for  yeast  hexokinase  was 
found  to  be  40®C.  The  trypanosome  enzyme  is  partially  denatured  by 
heating  at  SO^C  for  10  minutes  and  the  enzyme  from  both  yeast  and 
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L*  tense  were  completely  denatured  at  The  discrepancy  between 

the  temperature  optimum  and  the  heat  sensitivity  for  trypanosome 
hexokinase  can  be  accounted  for  by  assuming  that  although  the  en.  .me 
was  most  active  in  the  S0-S0*C  range,  it  was  being  denatured  during  the 
10  minute  incubation  period.  Therefore  the  actual  or  biological 
temperature  optiimMi  Ss  40*0.  At  ifG*C  the  enzyme  rate  approached  the 
maximum  rato  and  the  enzyme  was  not  denatured.  The  enzyme  was  active 
over  a  wide  pH  range  with  maximum  activity  between  pH  7.0  and  9.0.  The 
enzyme  activity  was  found  to  be  greater  at  the  same  pH  in  "tris" 
buffer  than  In  phosphate  buffer.  There  was  very  little  f'ifference  in 
enzyme  activity  using  glycyl -glycine  buffer  or  "tris"  buffer  at  the 
same  pH. 


CONCLUSIONS 

The  location  of  hexokinase  activity  in  both  the  soluble  and 
particulate  fractions  of  trypanosome  extracts  is  Identical  to  that 
found  with  hexokinase  obtained  from  other  organisms  (5,11).  The 
temperature  optimum  of  yeast  hexokinase  and  Trypanosoma  oambiense 
hexokinase  do  differ.  However,  the  biological  temperature  optimum 
(the  temperature  at  which  maximum  activity  was  found  in  the  absence 
of  enzyme  denaturat ion)  was  found  to  be  i»0*C.  The  optimal  pH  for 
maximum  activity  was  in  tlie  pH  7.0  to  9.0  range.  These  values, 
temperature  optimum  and  pH  range,  are  similar  to  those  obtained  with 
other  hexokinases  (1,4  t  II). 

Trypanosoma  gambiense  hexokinase  requires  ATP,  Inosine 
triphosphate  only  partially  replaces  this  ATP  requirement  (Table  4). 

This  Is  similar  to  hexokinases  obtained  from  higher  plants  but  Is 
different  from  that  fouridwith  Euglena  hexokinase  (1).  Trypanosoma 
gambiense  also  requires  a  divalent  metal  co-factor.  In  the  absence  of 
Mg-H-  little  enzyme  activity  was  found.  Cobalt,  which  restored  37%  of 
the  activity  of  Euglena  hexokinase,  failed  to  significantly  restore 
the  enzyme  activity  of  T.  gambiense  hexokinase.  Calcium,  as  with 
Euglena  hexokinase.  inhibited  the  hexokinase  activitv  from  T.  oambiense 
(Table  4).  - 

The  Km  values  obtained  for  trypanosome  hexokinase  appear  similar 
to  those  obtained  for  yeast,  plant,  and  Euglena,  but  differed  from 
that  obtained  for  brain  hexokinase  (Table  3). 

A  sulfhydry!  inhibitor,  p-Hydroxymercuri benzoate,  inhibited  hexokinase 
from  T.  gambiense  but  had  little  or  no  effect  on  yeast  hexokinase  (Table  4). 
The  hexokinase  from  T.  eouiperdum  has  also  been  shown  to  be  inhibited 
by  sulfhydryl  i nhi bi tors  (3)  -  Trypanosome,  muscle,  and  brain  hexokinase 
appear  to  be  sulfhydryl  enzymes,  whereas  yeast,  higher  plants,  and 
Euglena  hexokinase  are  apparently  not  (l,S,  ^  II).  This  would  suggest, 
in  contrast  to  the  Km  values,  a  closer  similarity  of  the  trypanosome 
enzyme  to  animal  hexokinases. 

Adenesine  diphosphate  inhibits  trypanosome  hexokinase  activity. 
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ThU  is  Identic*!  to  the  resu!ts  obteined  with  all  hexoHnases 
previously  Investigated.  Glucose  S*phosphate  and  2~deoxy'D~glucose 
u-phosphate  felled  to  Inhibit  I.  aamblente  hexokinase  (Table  4).  This 
Is  In  contrast  to  animal  hexokinases  In  which  glucose  3~phosphate  is 
kn<Mn  to  Inhibit  hexokinase  activity  (5).  The  sugar  2 -deoxy-0 -glucose 
does  not  appear  to  significantly  Inhibit  hexokhtase  activity  (Figure  2). 
This  sugar  was  phosphorylated  by  trypanosome  hexokinase  at  the  same 
rate  as  glucose.  This  is  similar  to  the  results  obtained  with  brain 
hexokinase  (a).  It  should  be  noted  that  in  order  to  obtain  oxygen 
uptake  by  cell-lysates  of  gamb I ense  in  the  presence  of  glucose  at 

least  six  enzymes  of  the  Embden-Meyerhof -Parnas  pathway  must  be  active; 
hexokinase;  phosphohexoi some rase;  phosphohexokinase;  aldolase; 

glycerophosphate  dehydrogenase;  and  L6( glycerophosphate  oxidase. 

This  would  suggest  that  the  inhibition  of  glucose  utilization  by  2-deoxy- 
0-glucose  with  Intact  trypanosomes  (13)  is  not  due  to  the  inhibition  of 
any  one  of  these  enzymes. 

Itennose,  glucosamine,  and  N-acetyl -O-glucosamine  competitively 
inhibited  the  phosphorylation  of  glucose  (Table  5).  This  is  similar  to 
results  obtained  with  yeast  (see  Table  4)  and  brain  hexokinase  (o,l4). 
Xylose  which  is  knovn  to  competitively  Inhibit  brain  liexokinase  (15) 
had  no  apparent  affect  on  either  yeast  or  trypanosome  hexokinase  (Table  1). 
None  of  the  competitive  inhibitors  appear  to  have  any  effect  on  glucose 
utilization  by  intact  cells.  This  would  suggest  a  selective  permeability 
to  hexoses. 

Comparison  has  been  made  of  the  relative  rates  of  utilization  of 
glucose,  mannose  end  fructose  by  Intact  cells  with  the  relative  rates 
of  phosphorylation  of  these  hexoses  by  extracts  of  T.  nambi ense  (See 
Table  3).  It  is  reasoned  that  If  hexokinase  was  the  rate  limiting 
step  in  the  metabolism  of  hexoses  then  the  rates  of  utilization  should 
be  identical  to  the  rates  of  phosphorylation.  Since  the  rates  are  not 
identical,  the  rate  limiting  steps  must  be  either  before  or  after 
hexokinase.  Further  evidence  to  eliminate  hexokinase  as  the  rate 
limiting  step  was  obteined  by  comparing  the  micromoles  of  glucose 
utilized  by  a  specific  number  of  cells  (mg  protein/ml)  with  the 
micromoles  of  glucose  capable  of  being  phosphorylated  by  a  cell  extract 
prepared  from  an  equivalent  number  of  cells.  As  noted  In  Table  7,  the 
cells  are  capable  of  phosphorylati ng  almost  three  times  more  glucose 
than  they  utilize.  This  data  further  suggests  that  hexokinase  could 
not  be  the  rate  limiting  step  in  glucose  metabolism.  Therefore,  the 
differences  in  the  rate  of  utilization  of  glucose,  mannose  and  fructose 
are  not  due  to  the  differences  in  the  relative  rates  of  phosphorylation 
of  these  hexoses. 

Previous  work  (13)  suggested  that  an  active  transport  system  Is 
Involved  in  carbohydrate  utilization.  This  suggestion  is  strengthened 
by:  1.)  The  inability  of  2-deoxy-D-glucose  to  inhibit  enzymes  Involved 
in  glucose  utilization  (hexokinase,  phosphohexoi some rase ,  phospho¬ 
hexokinase,  aldolase,  Lo^ glycerophosphate  dehydrogenase,  and 
L 0( glycerophosphate  oxidase)  by  cel  1 -lysates;  2.)  The  apparent  selective 
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permeability  of  the  trypanosomes  to  hexoses;  and,  ’ .)  The  Inability  to 
account  for  the  differences  in  rates  of  utilization  of  the  various 
hexoses  by  the  differences  In  their  rates  of  phosphorylation.  Since 
tlie  majority  Oi  enzyme  steps  after  hexoki nates  are  identical,  the 
rates  of  utilization  of  the  various  hexoses  should  be  equal  If  one 
of  these  later  steps  was  rate  limiting.  Therefore,  this  would  suggest 
a  step  prior  to  hexokinase  as  being  rate  limiting  and  this  step 
presumably  would  be  one  involved  in  the  transport  of  hexoses. 

It  was  found  that  trypanosome  hexokinase  was  not  inhibited  by 
rabbit  anti-yeast  hexokinase,  nor  did  trypanosome  extracts  absorb  out 
anti -yeast  hexokinase  antibodies.  An  antigenic  similarity  between 
hexoki nases  from  blood  and  culture  forms  of  T.  rhodesiense  has  been 
demonstrated  (12).  Therefore,  although  yeast  end  trypanosome  hexokinases 
have  many  characteristics  in  common,  they  are  dissimilar  enzymes.  This 
is  supported  by  various  other  differences  found  between  the  two  enzymes; 
i.e.,  sensitivity  to  p-Hydroxymercur i benzoate,  and  the  temperature  optimum. 
It  is  hoped  that  by  comparing  the  immunological  and  chemical  characteris¬ 
tics  of  hexokinases  from  other  flagellates  and  trypanosomes  that  a  better 
understanding  of  the  evolution  of  the  family  Trypanosomidac  may 
eventually  be  obtained. 
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Centrifuged  at  1300  RPM  for  minutes  In 
an  International  Clinical  Centrifuge. 
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(10  volumes  diluent). 

(Recentrifuged  at  I  JSq  RPM  and  then  resuspended) 


i n  fresh  saline. 


7 

Supernatants  discarded 


Recentrifuged  at  2300  RPM.  supernatant  discarded 
and  cells  stored  at  -30‘’C  in  a  Revco  deep  freezer 
until  needed. 


Procedure  used  for  isolating  blood  trypanosomes. 
Additional  trypanosomes  can  be  obtained  by  re¬ 
suspending  the  discarded  RBCs  in  saline  and 
repeating  the  entire  isolation  procedure, 
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FIGURE  2;  The  effect  of  2 -Deoxy-0 -glucose  (0-2-0)  on  the 
respiration  of  cell -lysates  of  Trypanosoma 
ram'jienso.  0  Endogenous;  X  glucose  (40um) , 
and  OPNH  (3um)  ;  glucose  (40um)  ,  DPMH  (3u»n)  . 
and  ATP  (20um) ;  •  glucose  (40um) ,  OPNH  (3um) , 
ATP  (20um) ,  and  0-2-0  {40um). 
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TEMPERATURE  *C 

;  The  effect  of  temperature  on  activity  of  Trypanosoma 
qamb i ense  (0)  and  yeast  hexokinase  (X) .  Hexokinase 
activity  was  measured  by  method  of  Saltman  (11).  Enzyme 
(O.l  ml  suspended  in  distilled  water)  was  incubated  with 
"tris"  buffer  (O.IM),  pit  3.5  (0.3  m’ )  and  hcj.okinase  rea- 
fjent  (O.G  ml)  for  10  minutes.  Hexokinase  reagent  con¬ 
tained  ATP  (0.02M),  Glucose  (O.OIM),  MgCI?  (O.lM),  and 
Nap  (O.OOIM)  and  was  neutralized  to  pH  7.5  with  NaOH. 
Activity  was  measured  by  sugar  disappearance. 
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TA3LE  1 


Compounds  ohosphory  •  tst  by  lirAokinesc  from 

L'  i  ense  and  yeast 


Subsl rate 

Compounds  phosphorylated  by  Hexokinase 
T.  nambiense  T.  rhor'esiense 

from: 

Yeast 

0(+)  glucose 

0{+)  mannose 

A\) 

^(1) 

^(1) 

L(-)  fructose 

4o) 

^(0) 

-^(0) 

2 -deoxy -D- 
glucose 

+  (NI) 

*{0) 

♦  (0) 

0-g lucosami  ne 

+1l) 

0 

^(1) 

N -acetyl -D- 

-d) 

0 

-(J) 

g lucosami ne 

0(-*-)  galactose 

-Ini) 

-(0) 

“(Nl) 

0-  sorbitol 

-Ini) 

0 

-(Nl) 

L(-)  sorbose 

-Ini) 

0 

-(Nl) 

0(-metliy  1  -D- 

-Ini) 

0 

-(Nl) 

glucose 

Arabinase 

0 

-(0) 

.  b 

-(Nl) 

0(+)  maUose 

0 

-(0) 

4ni) 

0(*)  Xylose 

-(Ml) 

0 

-(Nl) 

2-dcoxy-D- 

ribose 

_ -^Nl) 

0 

+  Compound  phosphory >ated. 

-  Compound  not  phosphory lated. 

(l)  Compound  competitively  inhibited  hexokinase  activity. 

(HI)  Compound  failed  to  competitively  inhibit  hexokinase  activity. 

0  Compounds  not  tested  as  hexokinase  substrates. 

(0)  Compounds  not  tested  as  a  competitive  inhibitor  of 

hexokinase. 

a  Seed,  J.R.  (13)* 

b  McDonald,  M.R.  (9). 

Assays  performed  by  method  of  Darrow  and  Colowick  (7). 
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Km  Values  '"or  Hexokinases  From  Various  Sources 


^JiUi 


TAeiC  4 


fff€ct  of  Various  Co-Factor$  and  Inhibitors  on 
Hexoklnase  From  Gamblenia.  Ve«tt  and  Euglena 


Percentage  Hexokitsase  Activity 

_ Yeast _ T.  gambLense _ Eudlenanv _ 

Complete  System  (CS) 

100 

100 

100 

CS  Minus  Mg-M" 

m 

20 

7 

CS  Minus  ATP 

m 

0 

0 

CcH^  replacing  Mg4+ 

- 

1 

37 

ITP  replacing  ATP 

«• 

53 

•> 

CS  plus  AOP 

3’ 

79 

CS  plus  Clucose  S-phosphate 

- 

100 

m 

CS  plus  Ca-H> 

m 

52 

Inhibitory 

CS  plus  p-Mydrosy- 

92 

■^0 

33 

mcrcur Ibenioate 


*  Sfisky  t  Schultz  (I) 


Assay  performed  'ny  method  of  Dai  rcw  and  Colowick  (7) 

TABLE  5 

Effect  of  Mannose,  Glucosamine  and  N-Acetyl-0- 
Qlucosamine  (N-A-G)  on  Hexokinase  Activity 

um 

Giucosa* 

um 

Mannose 

um 

Glucosamine 

um 

-  N-A-G_ 

% 

Activity - 

40 

0 

100 

30 

10 

> 

- 

39 

20 

20 

m 

m 

05 

10 

30 

•• 

m 

77 

0 

40 

• 

53 

40 

0 

- 

100 

30 

- 

10 

> 

73 

20 

- 

20 

- 

S4 

10 

• 

TO 

- 

50 

0 

- 

40 

«• 

?4 

40 

• 

- 

0 

100 

20 

40 

73 

10 

•> 

ta 

40 

27 

0 

0 

«» 

4C 

0 

Assay  performed  by  method  of  Oarrow  (  Colowick  (7). 

In  all  axperiments,  except  these  In  which  glucose  was  not  present, 
saturating  concentration  of  glucose  were  employed  (10  um.»  ?.5xlO-3H). 
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TABLE  J 


T!ie  RcUtive  Rates  o.'  Utilization  anrt  Phosphorylation 

of  Various  Hexoses 


Relative  Rates 
of: 

GIvceroi 

I- 

Substrate 

_ Fructose _ Mannose _ 

Gtucose 

i  1 1  zat  I  on 

i  .4 

1 .2 

0.9 

1.0 

'  Phosphory lat  i  on 

- 

1 .0 

o.s 

1 .0 

_ T.  rhodesiense _ 

Ut  i  1  i zat 1  on 

1 .4 

m 

0.3S 

1 .0 

Phosohorylat i on 

- 

0.54 

’  .0 

a 

Determined  by  oxygen  uptake  (13) 


'Assay  performed  by  method  of  Darrow  and  Colowirk  (7) 

TABLE  7 

The  Micromoles  of  fubstrate  Utilized  Compared  with 
the  Micromoles  of  Substrate  Phosphorylated  by  I,,  oambiense 


Glucose 

Substrate 

Mannose 

Fructose 

d  ■  " 

Uti 1 i zat ion  (um) 

S.04 

7.14 

7.37 

'  Phosphorylet i on  (um) 

21.70 

1.02'^ 

21.70* 

Oeterrttined  by  oxygen  uptake  (13).  These  values  are  based  on  the 
assumption  that  approximately  one  um  of  substrate  Is  utilised  per 
one  um  of  oxygen  taken  up. 


Assayed  by  method  of  Darrow  and  Colowick  (7). 

^The  figures  given  for  the  um  of  nannoso  and  fructose  phosphorylated  are 
calculated  values.  The  calculations  are  based  on  relative  rates  of 
phosphorylation;  i,e,,  Mannose  is  phosphorylated  at  the  rate  of 
glucose. 
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ABSTRACT 

Title:  Preventive  Medicine  - 
Coinnun  I  cab  I  e  Diseases 

Title:  Studies  on  Suifonamide 
Resistance  on  Neisseria 
Haningi tidi s 

Sixth  US  Army  Medical  Laboratory 
Fort  Baker »  California 

I  December  1 963  through  30  November  IS6^ 

Adrian  0*  Handel,  Lt  Col,  MSC 
Donald  K.  Hesson,  Major,  MSC 

MEDOH-288 

UNCUSSIFtEO 


Strains  of  N.  meningl tidls  were  obtained  from  a  representative 
population  of  soldiers  at  a  number  of  military  posts  in  the  Sixth  US 
Army  area.  One  post,  experiencing  a  meningococcal  epidemic,  recorded 
carrier  rates  ranging  from  15%  to  72%,  while  three  other  installations, 
free  of  meningococcal  infections  for  at  least  2  years  prior  to  sampl¬ 
ing,  recorded  carrier  rates  of  15%.  ^%»  31%.  As  many  strains  as  pos¬ 
sible  were  examined  for  serological  identity  and  resistance  to  sulfa¬ 
diazine.  Over  90%  of  the  strains  from  all  sources  were  type  "B",  the 
rei'nainder  of  the  strains  were  type  "C"  or  “A",  plus  a  number  of  strains 
tfuit  could  not  be  typed.  Sul  fa- resistance  was  determined  at  the  0.1 
mg  %  level.  At  the  meningitis-free  posts,  the  percentages  of  strains 
resistant  to  sulfa  were  0,  15,  12,  while  at  the  epidemic  post  the 
values  ranged  from  6-81.  A  comparison  of  the  carrier  rate  in  com¬ 
panies  experiencing  meningitis  and  in  companies  free  of  meningococcal 
infections  failed  to  demonstrate  any  correlation.  The  most  suitable 
method  for  the  storage  of  meningococcal  cultures  was  on  blood  agar 
slants  covered  with  sterile  mineral  oil. 
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BODY  OF  REPORT 


Project  6x6-01-001-01 

Title: 

Preventive  Medicine  - 
Communicable  Diseases 

Task  Mo.  3 

Ti tie: 

Studies  on  Sulfonamide 
Resistance  on  Neisseria 
Meningitidis 

Th«  objectives  of  this  study  are:  (1)  To  determine  the  meningococ- 
'at  carrier  rate  at  a  number  of  Army  installations  during  a  non-epidemic 
period  and  at  an  Army  post  experiencing  a  meningococcal  epidemic.  (2)  To 
determine  the  serological  type  and  sulfa  resistance  of  the  isolated 
strains.  (3)  To  preserve  these  strains  by  lyophi I izatlon. 


('} 


Progress: 

Studies  on  sulfonamide  resistance  of  N.  meni ngl tidi s. 

a.  The  medium  used  in  these  studies  for  the  isolation  of  N. 
men i wi i tidi s  %<a8  that  of  Thayer  and  Hartin  (Pub.  HIth  Reports  22;  ^9* 
f 964) ,  Th I e  medium  is  a  Mueller  Hinton  base  containing  2^  units/ml  of 
Polymyxin  B  and  10  mcg/ml  of  ristocetin  and  is  superbly  suited  for  the 
recovery  of  N.  meninoi tidi s  from  the  nasopharynx.  T*M  medium  permits 
luxuriant  characteristic  growth  of  meningococci  after  18  -  24  hours 
At  37*>  vihile  almost  completely  inhibiting  all  other  bacteria  normal¬ 
ly  present  In  a  nasopharynx.  In  many  instances,  it  is  possible  to 
type  meningococci  directly  from  the  T-H  plates.  Fermentation  reac¬ 
tions  were  determined  on  a  phenol  red  agar  base  with  added  1%  carbo¬ 
hydrate  and  5%  inactivated  human  serum.  Serological  typings  were  per¬ 
formed  with  Off CO  antiserum.  For  typings,  the  organisms  were  suspended 
In  saline  on  a  slide  and  mixed  with  antiserum. 


b.  The  determination  of  resistance  to  sulfadiazine  presented 
difficulties  early  in  the  studies.  Although  Mueller  Hinton  medium  with 
varying  concentrations  of  sulfadiazine  was  used  for  the  determination 
of  sulfa  resistance,  erratic  results  were  obtained  in  several  instances 
whan  the  determinations  were  repeated.  Subsequent  studies  determined 
that  the  concentration  of  inoculum  via s  critical  for  reproducecble  re¬ 
sults  and  that  heavy  inocula  tended  to  give  a  false  picture  of  increased 
resistance  to  sulfadiazine. 


At  the  suggestion  of  Lt  Coi  Donald  Hunter  of  WRAIR,  all  sulfa-re- 
sistanca  dotarmi nations  were  performed  by  placing  a  2  mm  loop  of  organ¬ 
isms,  equal  in  turbidity  to  a  1:1000  dilution  of  a  nund>er  3  MacFariane 
naphalometer,  on  Mueller  Hinton  plates  containing  varying  concentrations 
of  sulfadiCiiZine.  Table  I  illustrates  the  effect  of  concentration  of 
crgenlsms  on  the  end  point  of  $u<fa»res I  stance. 


S6 


TABLE  I 


INOCULUH  CONCENTRATION  AND  END  POINT  OF  SULFA- RES  I  STANCE 


NacFarlane  ^3 
1:1000  HacFarlane  #3 


N.  MenlnoltldH  /If598l 
Sulfa  Concentration  nw  % 
0  C.l  1  2  5 

+  •;  ■  :• 

+  -:•  +  + 


10  20  40 

:  +  1 


c.  Due  to  the  Inability  of  the  men 1 ngococcu*  to  reniain  viable 
more  than  a  few  days  or  to  survive  more  than  about  six  successive  trans¬ 
fers  of  laboratory  media,  it  was  necessary  to  find  a  convenient  method 
for  preserving  cultures  and  one  that  would  permit  their  immediate  use  In 
any  procedure.  After  a  number  of  unsatisfactory  trials  with  various  hold¬ 
ing  media,  ft  was  found  that  cultures  could  be  preserved  at  room  tempera¬ 
ture  for  several  months  If  grown  on  blood  agar  slants  and  covered  with 
sterile  mineral  oil.  In  this  manner,  it  was  possible  to  keep  several 
hundred  cultures  available  for  immediate  use  without  resorting  to  lyo- 
philization.  None  of  the  serological,  biochemical,  or  sulfa- resistance 
characteristics  of  any  organism  examined  was  changed  by  this  method  of 
storage. 

Summary  and  Conclusion: 

A  comparison  of  meningococcus  carrier  rates  at  three  military  in¬ 
stallations,  which  have  not  recorded  any  cases  of  meningococcal  menin¬ 
gitis  for  at  least  three  years,  range  from  15%  to  This  indicates 

that  carrier  rates  in  the  "normal"  military  population  are  somewhat  higher 
than  the  commonly  quoted  figure  of  5%  to  15%.  At  Fort  Ord,  where  about 
50  cases  of  meningococcal  meningitis  occurred  during  this  study,  carrier 
rates  of  companies  with  meningococcal  Infections  and  i nfect ion- free 
companies  were  compared.  No  correlation  between  case  rates  and  carrier 
rates  could  be  fournl.  Carrier  rates  do  rK>t  appear  to  be  of  any  value  in 
predicting  the  imminence  of  conditions  favoreble  for  e  meningococcal 
epidemic.  The  only  consistent  observation  obtained  in  this  study  was 
that  a  much  higher  ratio  of  sulfa- resistant  organisms  «ms  noted  at  Fort 
Ord  than  at  those  meningi ti s-free  posts.  This  may  be  due  to  the  fact 
that  the  previous  year  a  regime  of  sulfa  prophylaxis  had  been  in  effect 
at  Fort  Ord.  The  serologic  type  "B"  meningococcus  was  the  predominant 
organism  encountered  in  this  study  and  was  the  only  serologic  type 
found  to  be  sulfa-resistant.  These  results  are  summarized  in  TABLE  11. 

These  studies  will  be  continued  with  emphasis  placed  on  the  dynamics 
of  the  carrier  rate. 
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